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ABSTRACT 
'Primary productivity and water quality were studied in Doe Valley 
Lake, a 147-hectare impoundment on Doe Run, a spring-fed stream in Meade 
County, Kentucky, from 13 June 1969 to 31 July 1972. Doe Valley Lake is 
monomictic during most winter seasons, but it is dimictic during more severe 
winters because of its morphometry and location on the borderline climatic 
region for dimictic lakes (37° N latitude). Oxygen depletion in the hypo-
limnion is severe, and anaerobic conditions usually prevail by late June. 
A hypolimnetic areal deficit of 0.038 mg/cm2/day was calculated. Super-
saturation of oxygen in the epilimnion was common, and metalimnetic maxima 
exceeded 150 percent saturation in spring and early summer. 
Primary productivity ranged from 44 to 1,192 mgC/m2/day and annual 
rates at Stations I and III were 277 and 255 gC/m2/yr, respectively. Pro-
ductivity fluctuated considerably at Station I as a result of turbidity, 
but average daily rates and chlorophyll levels were higher than at Station 
III. Periodic flooding drastically lowered productivity and phytoplankton 
standing crops. Negative or low correlations were found between produc-
tivity and turbidity, pH, alkalinity, nitrates, and phosphates. The 
relationship between productivity and standing crop of phytoplankton varied 
throughout the year but positive correlations were observed on an annual 
basis. Chlorophyll a levels correlated fairly well with net phytoplankton. 
Except during summer, nannoplankton contributed more than 50 percent of 
the total carbon assimilation. 
The :tnflowing stream, Doe Run, contributes valuable quantities of 
nutrients including carbon, nitrogen, phosphorus, and sulfur that enhance 
the productivity of the lake. Degradation of allochthonous leaf materials 
introduces significant amounts of carbohydrates, proteins, and lipids into 
iii 
the lake ecosystem, but inflow patterns characteristic of a spring-fed 
stream greatly influence the fate and availability of these nutrients. 
Key Words: VI-G 
Ecology*, Water Quality*, Environmental Effects*, 
Planning*, Preimpoundments, Aquatic Habitats 
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INTRODUCTION 
The impoundment of a natural stream has a profound effect on the 
water quality and biota of the newly formed lake, The principal goal 
of impoundment studies is to develop sound management procedures and to 
provide information for the proper development of future impoundments 
under similar environmental conditions. Progress in evaluating the 
effects of stream impoundment has been impeded because of the paucity 
of data over an extended time period prior to and subsequent to impound-
ment. With the increased socioeconomic impact on reservoirs and lakes, 
man may be compelled to impound all sizeable streams to meet water supply 
demands. This increased demand on available water supplies has and will 
continue to create complex water management problems, such as fluctu-
ating water levels, varying turbidities and sedimentation rates, produc-
tivity, and eutropliication. Eutrophication is referred to as nutrient 
enrichment and is a natural aging process in lakes, The process can be 
accelerated through man's activities (Beeton 1966), Increased population 
densities in the immediate vicinities of impounded water supplies pose 
a serious threat to the quality of the water for drinking and recreational 
purposes, as well as to species diversity, stability, and production of 
aquatic communities. 
A lake is no richer than its drainage basin, and lake productivity 
reflects to a great extent the fertility of soils in its drainage area, 
The actual concentration and proportions ·of the various nutrients in 
lake waters are functions of the drainage area, morphometry of the lake, 
and various environmental factors such as incident solar radiation, pre-
cipitation, evaporation, etc, Further modifications and seasonal vari-
ations in certain physicochemical factors and various nutrient concen-
1 
trations are mediated by lake phenomena such as stratification and over-
turn, The lake ecosystem is divided into at least two distinct environ-
ments during sunnner and winter stratification, with the major portion of 
nutrients concentrated in the hypolimnion and unavailable to photosyn-
thetic organi1111S, The amounts and distribution of nutrients vary season-
ally and can be reasonably estimated from dissolved oxygen curves and 
temperature profiles for a given body of water, To date, no single 
parameter can completely describe the degree of eutrophication of an 
aquatic environment. Usually, several parjlllleters are considered in order 
to ascertain the nutritive state of the lacustrine environment in question. 
With the increased interest and use of carbon-14 to estimate primary pro-
ductivity, hydrobiologists may be able to develop a single reliable par-
ameter to compare different bodies of water and to use these data in a 
predictive manner, 
Although Steemann Nielsen (1951, 1952) maintained that the carbon-14 
method measured gross primary productivity when cer.tain corrections were 
introduced, Ryther (1954b, 1956b) claimed that the method measured net 
productivity, Thomas (1961) contended that gross photosynthesis will be 
measured under the following conditions if: "(1) carbon-14 is assimilated 
at the same rate as the stable isotope of carbon, (2) no carbon-14 is 
incopporated by processes other than photosynthesis, (3) no assimilated 
carbon-14 is lost by excretion or by ruptmring of cells in the filtration 
process, and (4) no assimilated carbon-14 is lost by the intermixing of 
respiration with photosynthesis," However, in practice, none of theae 
conditions is completely satisfied, and if gross primary productivity is 
to be determined, the raw data must be corrected for deviations from them, 
Ryther and Menzel (1965) compared the results obtained by the carbon-14 
2 
method and oxygen method and found close agreement when corrections in 
the isooope technique were made for respiration. The majority of studies, 
including this one, do not make corrections for respiration and probably 
are measuring net primary productivity, Nevertheless, the sensitivity of 
the technique will promote utilization of the method. Rodhe (1958b) con-
tended that it is the only method that can be used in oligotrophic water, 
and the improvement of liquid scintillation counters with higher counting 
efficiencies has greatly simplified the procedures involved, Whenever 
possible, the carbon-14 method should be compared with another, such as 
the oxygen method, for estilnnating primary productivity (Fogg 1969), Rodhe 
(1958b, 1969) emphasized some of the assumptions and limitations of the 
carbon-14 method but still regarded it as the most suitable quantitative 
method for assessing the trophic status of lakes. He proposed (Rodhe 
1969) that assimilation rates of 75 g of carbon per square meter of sur-
face area per year be used to distinguish between oligotrophic and eutrophic 
waters. 
To obtain a better understanding of the lake ecosystem, physical, 
chemical, and biological aspects pertaining to primary productivity should 
be considered. In general, productivity is related to water hardness, 
with hard waters (greater than 50 ppm total alkalinity) being more pro-
ductive because of higher concentrations of inorganic carbon available 
for assimilation. The intensity-and duration of light and temperature 
are critical limiting factors for photosynthesis when carbon is available. 
The relationship between the standing crop of net plankton and primary 
productivity is quite varied and im many cases is an inverse relationship. 
Certainly, the nannoplankton are more active in relative assimilation 
than the larger species of algae because of their higher surface to volume 
3 
ratio. Chlorophyll standing crop can be used to supplement phytoplankton 
biomass estimates, but again the photosynthetic efficiency of chlorophyll 
varies with the physiological state, temperature, light, and available 
nutrients. Thus, a comprehensive study including the related physical, 
chemical, and biological aspects of primary production will aid in resolv-
ing some of the problems of evaluating water quality and productivity. 
The ultimate goal of the limnologist is to formulate these related para-
meters and propose a predictive model that will depict the fate of a 
lacustrine environment based on selected simple, measurable parameters. 
The objectives of this study were to determine the changes in water 
quality brought about through impoundment of Doe Run, to determine pri-
mary productivity and the relationship between productivity and standing 
crop of phytoplankton, to evaluate the contribution and fate of inflow-
ing nutrients derived from allochtbonous leaf materials in Doe Run, and 
to formulate a model to predict water quality and productivity in reser-
voirs based on limnological parameters. Data concerning the overall 
ecology of Doe Run have been gathered since 1959 (Minckley 1962, 1963; 
Geiling 1962; Brahm 1963; Krumholz 1967; Tarter 1968; and Liston 1972). 
MATERIALS AND METHODS 
Sampling stations were established at the upper, middle, and lower 
regions of Doe Valley Lake and were designated as Stations I, II, and III, 
respectively (stream miles 4.3, 5.8, and 7.6, Fig. 1), in March 1969 to 
provide basic limnological data representative of different parts of the 
lake ecosystem. The lower station provided information on the deepest 
waters of the impoundment, and the upper stations reflected the ameliora-
ting effect of inflowing nutrients from Doe Run as they entered and passed 
down the lake, Beginning in August 1971, only Stations I and III were 
4 
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Fig. 1. Map of Doe Valley Lake, Meade County, Kentucky. 
5 
sampled for primary productivity. In addition to Minckley's (1963) 
original stations on Doe Run (I, II, and III), Station IVA was established 
at the mouth of Doe Run at Doe Valley Lake (Fig. 2) to determine nutrient 
input and the effects of the stream on productivity at the upper end of 
the lake. 
Morphometry of the Doe Valley Lake drainage basin was determined from 
a hydrographic map obtained from the Kentucky Geological Survey and from 
a map provided by the American Lakes and Land Company. Measurements, 
including length, width, depth, area, and volume were computed following 
the methods of Welch (1948) using a polar planimeter and map measurer. 
The volume was calculated from 20-ft contour lines. 
Water samples from Doe Valley Lake for chemical analyses were collected 
semimonthly using a Kemmerer water sampler at depths of O, 5, 10, 15, and 
20 m whenever possible. In June 1971, an electric pump powered by an 
1100-watt alternator was used to collect water samples at the respective 
depths following the procedures of Golterman (1969) to ensure that a 
horizontal sample was taken. Water samples were collected in 300-ml 
BOD bottles, placed in a styrofoam ice chest (temperature maintained at 
5-10 C) and returned to the laboratory. Analyses were performed as soon 
as possible, always within 48 hours after collection, using prodedures 
in Standard Methods for the Examination of Waste and Waste Water, 13th 
ed. (American Public Health Association et al. 1971). Major cations were 
also determined periodically using a Perkin-Elmer Model 303 atomic absorp-
tion spectrophotometer. Total nitrogen was analyzed by the Kjeldahl 
method. 
Dissolved oxygen, temperature, light intensity, conductivity, and 
alkalinity were measured in the field whenever possible. Dissolved oxygen 
6 
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(after Krumholz 1967). 
7 
determinations were verified periodically using the Alsterberg modifi-
cation of the Winkler method, Field and laboratory measurements of 
pH were determined by a variety of methods including J.C. Baker tri-
colored indicator paper, a Hellige comparator, and a Model 175 IL port-
able pH meter. The limit of visibility was determined with a 20-cm 
Secchi disk, Light penetration was measured with a Model No, 268WA310 
Gemware submarine photometer, according to the methods of Welch (1948), 
Turbidity was determined with a Hellige turbidimeter, Attempts were made 
to record physical data at approximately the same time of day, and during 
field excursions, weather conditions were observed and recorded. Solar 
radiation in langleys per day were obtained from the University of Kentucky 
at Lexington, Kentucky, about 120 km east of the lake, and temperature 
and precipitation data at Irvington, Kentucky, 14.4 km southwest of the 
lake, were obtained from the National Oceanic and Atmospheric Adminis-
tration, Environmental Data Service. Stream discharge at the source of 
Doe Run was determined from a stationary gauge calibrated with an Ott 
current meter. 
Phytoplm,.kton samples were collected at various depths by pumping 
a known volume of water thvough a No, 25 silk bolting cloth plankton net, 
Such a pump supplies a homogeneous collection of organisms at a given 
stratum and is ~ecommended when large quantities of organisrms are to be 
collected and concentrated by filtering the water (Vollenweider 1969). 
Samples were concentrated by adding Lugol's solution and allowing 24 hours 
or more for sedimentation. The sediment was removed, and the supernatant 
water containing any unsettled organisms was centrifuged with a Foerst 
centrifuge, Since the No. 25 plankton net was selective against organ-
isms less than 60 µ in diameter, nannoplankters were estimated from 50-ml 
8 
and 100-ml water samples, settled using Wild sedimentation chambers and 
Lugol's solution, Phytoplankton standing crops were estimated by counting 
one strip on each of two Sedgwick-Rafter cell mounts using a Bausch and 
Lomb binocular microscope at magnifications of 315-420X. Samples from 
sedimentation chambers were counted using a Unitron inverted microscope 
with magnifications of 860X. 
Phytoplankton identifications, with the assistance of Dr. Arland T. 
Hotchkiss, University of Louisville, were based on selected references 
(Smith 1950, Prescott 1962, Whitford and Schumacher 1968, and Bourrelly 
1966, 1968). 
To determine phytoplankton pigments, samples of 2.0 liters were 
filtered through a.0-µ millip111?e filters and analyzed for chlorophylls 
a, b, c, and carotenoids. During the filtration process, a small quantity 
of magnesium carbonate solution was added to the filter as a precaution 
against degradation of pigments. The filter was placed in 90 percent 
acetone and then sonified for three 30-sec intervals with a Branson Model 
LS 75 so.nifier. Samples were stored in the dark under refrigerai;ion for 
approximately 24 hours for extraction. After extraction, the extract was 
centrifuged for 5-10 min and the pigments were estllllla~ed using the spec-
trophotometric equations of Strickland and Parsons (1968), 
A Beckman LS-100 liquid scintillation system with a guaranteed 
counting efficiency of 90 percent with the full window was employed to 
determine the carbon-14 activity of samples in the primary productivity 
study. Counting efficiencies and quench curves were determined according 
to the methods of Newman (1970) using internal quenched and unquenched 
carbon-14 standards obtained from New England Nuclear Corporation, NaH14co3 
ampoules, each containing 5.0 µCi and 50.0 µg of carbon-14 at an adjusted 
9 
pH of 9.5 were obtained from New England Nuclear Corporation. The radio-
activity of the ampoules expressed in disintegrations per minute (dpm) was 
determined experimentally following the chemical precipitation method of 
Vollenweider (1969). Estimates of primary productivity were based on the 
techniques used by Goldman (1960) and Saunders et al. (1962), with modifi-
cations that have been added to the carbon-14 technique since its intro-
duction by Steemann Nielsen (1951, 1952). 
A buoy was constructed to suspend light and dark bottles at the de-
sired depths. Water samples (300 ml each in standard BOD bottles) were 
collected prior to sunup with a Van Dorn water bottle. After collection, 
the cap of an ampoule was removed and the NaH14C03 was added to the water 
sample containing the lake water. Each bottle was shaken vigorously 
several times. Experiments using dyes demonstrated that after the first 
few shakes, the isotope had diffused uniformly in the BOD bottles. A 
dark bottle was suspended with each light bottle at intervals of 1 m 
because significant variations in dark bottle uptake of carbon-14 were 
observed, particularly when conditions were favorable for high assimila-
tion. The samples were retrieved at sunset and placed in a lightproof 
box. Upon returning to the laboratory, light and dark bottle samples 
were filtered through 0.45-µ Millipore filters and the residae on the 
filter was washed with 10-15 ml 0.005 N HCl and with 10-15 ml 5 percent 
formalin solution. The filter was placed vertically in a 20-ml, low-
background glass or polyethylene scintillation vial and dried in a desic-
cator containing a NaOH solution for co2 absorption for 24 hours. Twenty 
milliliters of scintillation solution containing 0.4 percent PPO (2,5-di-
phenyloxazone) and 0.01 percent dimethyl POPOP [1,4-bis-2-4-methyl-5-
phenyloxazole)-benzene) in reagent grade toluene was added and the vial 
10 
was recapped tightly. At this stage, samples may be counted or they may 
be stored in the dark since they will remain stable for several menths. 
Initial activities were based on three 10-min counts, but the variance 
was so low that two 5-min counts closely correlated to the 10-min counts. 
After counting, the activity of each sample was converted to milligrams 
of carbon per unit area per day using the methods and tables of Saunders 
et al. (1962). 
Description of the Study Area 
Doe Valley Lake, a 147-hectare impoundment, is located in eastern 
Meade County, Kentucky, an area with extensive karst topography. The 
entire area overlies a belt of Mississippian limestone that is approximate-
ly 122 m thick (Greene 1908). McFarlan (1943) described the area as a 
rolling plain with well-developed karst features in upper St, Louis 
limestone extending from central Indiana through Kentucky to central 
Tennessee with occasional prominent outcroppings. Borings in the floor 
of Doe Run, the area subsequently impounded to form Doe Valley Lake, by 
the Doo Valley Corporation indicated that the rock floor was 18.3 to 30,5 
m below the present elevation, at approximately 97.5 m above mean sea 
level and comparable to the 94.5 m above msl elevation of the rock floor 
of the Ohio River near the mouth of Doe Run (Minckley 1962). Analyses of 
the Mississippian limestone by Cummings (1905) have shown it to consist 
of more than 90 percent calcium carbonate. Owen (1857) reported that 
soil samples from the barren hill district in Meade County consisted 
chiefly of aluminum, iron oxide, phosphate, silica, and calcium carbonate. 
Detailed descriptions of Doe Run, the inflow stream fee4ing Doe 
Valley Lake, and surrounding area have been presented by Minckley (1962, 
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1963), Krumholz (1967), and Geiling and Krumholz (1964), Doe Run, a 
spring-fed stream, rises in eastern Meade County near Ekron, Kentucky, at 
37° 56 1 N latitude and 86° 07 1 W longitude and flows north-northeast 
for 15.6 km and enters the Ohio River about 5.6 km east of Brandenburg., 
Kentucky (Fig, 2), at 38° 00 1 N and 86° 06' W longitude (Minckley 1962). 
At its major source Doe Run is 575 ft (175 m) above mean sea level and 
enters the Ohio River at 114 m above msl with an average gradient of 
4 m per kilometer (Minckley 1962), Doe Run exhibits the characteristic 
pattern of streams flowing on limestone in that the gradient changes 
abruptly in different sections of the stream bed, Near the headwaters 
the gradient is about 5.1 m per kilometer, but from Mile 1.5 to 5.0 is 
about 10,7 m per kilometer with local variations (Fig, 3). In the lower 
region the gradient is reduced considerably, particularly from Mile 5,0 
to Mile 9.7 where ·the stream flows onto the extensive alluvial plain with 
a gradient of only 1.7 m per kilometer (Fig. 3), The stream is approxi-
mately 10 m wide throughout most of its length but narrows to 2 mat many 
of the riffles in downstream areas, 
From 1959 to 1964 discharge ranged from less than 5 to more than 600 
cfs and was almost entirely controlled by local rainfall (Krumholz 1967). 
From October 1959 to October 1961 average discharge at Stations I and III 
were 65 and 140 cfs, respectively (Minckley 1962). There is a direct 
correlation between discharge and turbidity, and during periods of low 
discharge the stream is clear but becomes very turbid at high discharge 
levels as a result of a heavy suspended load of silt and clay. Upon enter-
ing Doe Valley Lake at Mile 3.5, the majority of the silt load is deposited 
in the immediate vicinity of the inflow, mainly between Mile 3.5 and Mile 
4.4. 
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Description of Doe Valley Lake 
The Doe Valley Lake impoundment extends on Doe Run from stream Mile 
3.5 to Mile 7,6 and is 5,1 km long. The impoundment was formed by coffer-
dam on 9 July 1961 by the Doe Valley Corporation as a principal source 
of water supply to the Olin Chemical Corporation on the Ohio River flood-
plain (Table 1). The valley floor lies at 121.9 m above msl and was 
cleared prior to impoundment by cutting and burning the vegetation up to 
the 475-ft contour, The dam was washed out by flooding on 16-17 July 
and after repairs was impounded again on 20 July 1961 (Minckley and Tindall 
1965). After slowly filling during the summer and fall, the lake was 
backed up to Mile 3.5 by early spring 1962 with a full pool level of 143.3 
m msl and a mean depth of 8,8 m (Fig 1), Water level has fluctuated con-
siderably as a result of increased water supply demand and seasonal vari-
ations in rainfall (Fig, 4), The outlet pipe to the Olin Corporation is 
at 131.1 m above msl and cold hypolimnetic water is removed at the rate 
of approximately 442 million gal per month during full-scale pperations, 
usually in the sumaer and fall. This in combination with seasonal vari-
ations in rainfall and high evaporation drastically lowers the level of 
the lake and the top of the pool has been dropped as much as 6.4 m. In 
addition to local runoff, Doe Valley receives a continuous supply of cold, 
spring water from Doe Run. The stream discharge varies from approximately 
5 to 600 cfs, but throughout most of the summer and fall the discharge is 
8-15 cfs, It is evident bhat this small contribution cannot compensate 
for the tremendous volume removed daily by the chemical plant, Like most 
artificial impoundments, Doe Valley is plagued by fluctuating water levels 
and high turbidities, Additional clearing and developing of the shoreline 
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Table 1. The morphometry of Doe Valley Lake, 
Meade County, Kentucky. 
Floor elevation 400 ft 121. 9 m 
Normal pool elevation 470 ft 143.3 m 
Length of shoreline 10.1 mi 16. 2 km 
Shoreline development 3.76 
Volume development 0.41 
Maximum length 3.2 mi 5.1 km 
Maximum width 1,386 ft 422.4 m 
Maximum depth 70 ft 21.3 m 
Surface area 364.2 Acres 147.4 ha 
Volume 459,067,750 ft3 12,991,617 m3 
Mean depth 28.9 ft 8.8 m 
Contour Area (m2) Area (ha) Total Volume (m3) 
470 1,473,817 147.4 12,991,617 
460 1,100,547 110.1 9,070,492 
440 766,976 76.7 3,381,483 
420 169 ,113 16.9 529,890 
400 4,834 0.5 0 
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by the American Lakes and Land Company has exposed clay and sandy topsoil 
which will contribute to more runoff and greater erosion in the future. 
Increased use of the lake for fishing and recreation will tend to create 
turbulence and help maintain materials in suspension. 
When Doe Valley Lake is at normal pool level, Doe Run enters at stream 
Mi'le 3.5 but after a substantial drop in water level, the mouth may be as 
far down the lake as Mile 4.0. The stream at its lowest discharge narrows 
to a width of 1.5 m and is ahout 0.5 m deep. It incises deeply the flat 
silt bed deposited during past flooding of the stream at the head of the 
impoundment. The steep gradient of the stream headwaters coupled with 
the porous nature of the soils in the drainage basin permits the stream to 
transport heavy loads of sand and deposit them in the flattened floor of 
the valley, The water is generally shallow in the upper reaches of the 
lake, and frequent disturbance by sportsmen tends to maintain high tur-
bidities. 
Aquatic and semiaquatic plants are abundant in the region where Doe 
Run enters the lake. On the east bank of the stream there are dense stands 
of scouring rush Equisetu:rn hyemale, and cat-tail Typha latifolia. Other 
emergent plants closer to the stream bank include water cress NastuPtiwn 
offieinale, forget-me-not Myosotis scoPpioides, water willow Justicia 
cunePicccna, rushes EleochaPis sp. and CypePUs sp., and arrowhead 
LophotocaPpus calycinus. The entire shallow areas are invaded by dense 
mats of SpiPogyPa sp. in the fall when water levels are low and nutrients 
are rich in the shallow waters. Algal growth extends along the shoreline 
up to stream Mile 4.0. 
Description of Stations 
Station I. Station I was near the head of the lake at stream Mile 4.3, 
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approximately 1.5 km from the mouth of Doe Run where the depth ranged from 
4.5 to 8.5 mas a result of fluctuations in water level (Fig. 1). The 
distance from this station to the Doe Run inflow varied, and during late 
fall and winter drawdown was within 0.4 km of the mouth of Doe Run. The 
lake was approximately 150 m wide at this side and the boundary shorelines 
were quite steep and comprised largely of large outcroppings of limestone. 
Between this station and the mouth of Doe Run, the flat valley floor is 
filling from the deposition of silt transported by the headwaters of Doe 
Run. 
This area was essentially devoid of aquatic macrophytes in 1969, but 
sparse stands of water willow had crept into the shallow bays by the summer 
of 1970, Now a large bed of water willow appears annually in late spring 
on the west bahk and sparse patches occur elsewhere, but all of these 
disappear with the drop in water level in late summer. The large bed is 
usually 5 m from the lake by July. This station is greatly influenced by 
the discharge of Doe Run and was selected to evaluate the effect of stream-
conveyed nutrients on lake productivity. 
Station II. Station II was at stream Mile 5.8, approximately equi-
distant between Stations I and III. At this point the lake is about 302 m 
wide and 16.8 m deep. The adjacent shorelines are steep-4alled with 
abundant, thick-layered limestone. The bottom consisted of mud intermixed 
with decaying plant and animal debris including branches, stems, roots, 
seeds, and various arthropod integuments. The surrounding area is devoid 
of aquatic vascular plants. 
Temperature and oxygen data at this site were very similar to Station 
III with severe oxygen depletion evident by early July. This station was 
selected to compare physical, chemical, and plankton data with those ob-
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tained at the station near the dam, but sampling was discontinued because 
of the similarity of results, 
Station III, Station III was at stream Mile 7.6 and in close prox-
imity to the dam in order to follow the impoundment's annual behavior. It 
is in this small area of 0,5 ha that the lake reaches a maximum depth of 
21,3 m and attains a maximum width of 352 m. The shorelines are predomi-
nantly clay with occasional outcroppings of limestone. The inside of the 
earthen dam has been riprapped with huge, limestone boulders which pro-
vide a substrate for the lithophilic algae including Stigeocloniwn tenue 
and Spirogyra sp, and a dense growth of the frewhwater sponge, Spongilla 
lacustris. The slope of the valley walls is not as steep here as it is at 
upper reaches of the lake, and the valley is wider exposing the lake sur-
face to wind action, 
The bottom consists of black, sticky mud that is highly reduced dur-
ing most of the year. The opening of the pipe supplying water to the Olin 
Chemical Plant is approximately 12 m below the surface at normal pool 
level and lies about 100 m northwest of this station. 
Only occasional aquatic macrophytes occur at this site. Pondweed 
Potamogeton diversifolius was collected near the boat ramp in a dist111!bed 
area in the fall of 1971, but disappeared in a few weeks and has not re-
turned, The green alga Chara sp. was also recorded in the fall of 1971, 
but did not reappear. 
RESULTS AND DISCUSSION 
Annual Temperature Cycle 
Temperature data were collected in Doe Valley Lake from June 1969 to 
July 1972 to determine the annual cycle of thermal stratification and circu-
19 
lation and to study the effects of a springfed stream on the behavior of 
the impoundment, Doe Valley is on the borderline climatic region (37°N 
latitude) for dimictic lakes and hence is dimictic during severe winters 
and monomictic during mild winters, It has two circulation periods during 
unusually cold winters, but inverse stratification does not occur during 
the mild winters even though the surface temperature drops slightly be-
low the overemphasized 4,0 C, Ice covers as thick as 25 cm were observed 
in 1966 (personal communication, Doe Valley Corporation) and 1970, but 
in all other years ice covers were limited to thin, marginal sheets or 
did not occur at all. The surface temperature was approximately 3.6 
C immediately after the ice melted in early February 1970 (Fig, 5), 
During the 1970-1971, winter surface temperatures dropped to but did 
not go below 4.0 c, and thin marginal sheets of ice occurred along the 
shoreline. The 1971-1972 winter was unusually mild and warmer surface 
temperatures were observed. Although the lake did drop slightly below 
4.0 C during early February (Fig, 6), Doe Valley was homothermous at 5.0 
C in mid-February and had circulated all winter. Temperatures at Station 
I were higher (Fig, 7), and 12.9 C flooding waters from Doe Run over-
flowed the cold water mass in the lake and stratified the upper 10 m of 
the lake at Station III (Figs. 8, 9). Surface temperatures at Stations 
I and III were 11.8 and 10,2,respectively, on 29 February 1972. Normal 
temperatures in previous years at that time ranged from 5.0 to 6.0 C 
at Station III and slightly higher at Station I. 
Spring stratification and establishment of the metalimnion began in 
early April in 1970 and 1971, and the top of the metalimnion ~as 1-2 m 
below the surface and then dropped rapidly to a depth of 4-5 m by late 
April and early May, The winter flooding in 1972 resulted in establish-
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ment of a narrow metalimnion just below the surface by 20 March, This 
unusual pattern persisted for 2-3 weeks, but the top of the metalimnion 
had dropped to a depth of 2 m by 20 April, The metalimnion gradually 
sinks throughout the summer and fall until overturn occurs in late 
November at approximately 11-12 C. 
Maximum surface temperatures in 1970, 1971, and 1972 were 31 C, 30 C, 
and 29 C, respectively, and were recorded at Station Ill in late July at 
the beginning of drawdown, The outlet pipe to Olin Chemical Corporation 
(12 m below normal pool level) removes approximately 442 million gal per 
month during full-scale production, Removal of this cold, oxygen-deficient, 
but nutrient-rich hypolimnetic water at tremendous rates would normally 
allow the metalimnion to sink at a faster rate and permit warmer, epi-
limnetic water to replace the cold water being removed, but Doe Valley is 
unique in that the inflowing stream is spring-fed and the maximum summer 
temperature is 20 C, Consequently, some of the cold water in the metalimnion 
is replaced by that from the stream, Surface temperatures would also be 
higher due to hypolimnetic drawdown, except for the ameliorating effect of 
Doe Run. The drastic reduction in lake volume may bring about increased 
surface temperatures. In 1969, the volume was reduced to 48 percent of 
normal volume. By early November 1971, the volume had been reduced from 
about 3.43 billion to approximately 2.40 billion gal or to about 70 per-
cent of the volume at normal pool level, During this time the discharge 
of Doe Run into the upper end of the lake usually is quite low, ranging 
from 5-12 cfs, and would contribute about 6-8 million gal per day, not 
near enough to compensate for the volume removed, At maximum discharge, 
Doe Run could potentially refill the lake in approximately 9 days, The 
fate of the inflowing waters is determined by the lake temperatures be-
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cause in winter the warmer stream water overflows the homothermous water 
mass of the lake, and the extent of overflow and disruption of homothermy 
is a function of the discharge, During the winter of 1972, flooding waters 
from Doe Run resulted in complete destruction of the homothermous water 
mass and actually established stratification during late winter. Since 
spring-fed streams are warmer in winter and colder in summer than warm-
water streams and lakes, the colder stream water sinks near the mouth of 
Doe Run from April until early winter (Figs. 8, 9). The annual temperature 
cycle at Station III may be modified due to this stream influence, and the 
cycle at Station I is greatly modified and subject to variable levels 
caused by the stream discharge. As a result, the surface temperatures at 
Station I are higher than those at Station III during winter (Figs. 6, 7). 
The bottom temperature near the dam slowly increases from a winter 
minimum of 3, 6-4, 0 C to about 8. 0 C by early August and remains near this 
level until fall overturn occurs at 11~12 C in October. Bottom temperatures 
at Station I are markedly different from those at Station III because of 
the difference in depth and the thermal modifications caused by the inflow-
ing stream water, The stream water temperature ranged from 7 to 22 C, being 
warmer in winter and colder in summer than the lake temperatures. This 
condition causes complex thermal stratification to develop during flooding 
(Figs. 8, 9), Except during winter, the inflowing Doe Run water undercuts 
the warmer lake water. 
Wunderlich (1971) recognized three basic types of inflow patterns--
overflow, underflow, and interflow. Whenever waters of different densities 
come into contact, a certain amount of mixing occurs and in the case of an 
inflowing stream there is a marked decrease in the velocity. This sudden 
decrease in flow rate leads to the deposition of sediment. In underflow, 
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the incoming stream water is colder than the water mass, The inflowing 
stream usually contains higher concentrations of dissolved OX)l;gen and 
nutrients, and the fate and contribution of these nutrients are functions 
of density levels of the stream and lake water, During underflow con-
ditions, the oxygen-rich stream water moves along the bottom of the lake, 
and the oxygen is rapidly depleted via oxidation processes in the hypolim-
nion. Incoming nutrients that would otherwise be utilized by planktonic 
organisms are lost to:the system although bacteria and profundal bottom 
organisms benefit from the underflow patterh. An overflow pattern adds 
the nutrients to the trophogenic zone of the lake but this may be disad-
vantageous during severe flooding which results in dilution of the lake 
nutrients and removal of planktonic populations via the overflow. 
Doe Run exhibits. all of these inflow patterns as it enters Doe Valley 
Lake because it is a spring-fed stream, Consequently, the fate of nutrients 
derived from leaf materials and detritus in Doe Run depends on density 
levels of the two environments. At the time these nutrients could be most 
efficiently used in the lake's trophogenic zone, an underflow pattern pre-
dominates and the nutrients are diverted into the hypolimnion, Thus, the 
available nutrients derived from the detrital system of Doe Run became 
available only by lake sediment reactions which release them to the over-
lying water during fall overturn and winter circulation. 
The outflow pattern in Doe Valley Lake consists of low outlet and over-
flow types, Overflow ts removed by a spillway that accommodates flood 
waters and is operative only during winter and spring flooding. The low 
outlet is a pipe 12 m below the surface that supplies cold, nutrient-rich 
hypolimnetic waters to Olin Chemical Company for cooling purposes, The 
chief disadvantage of the low outflow is the removal of large amounts of 
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nutrients during the summer stagnation period when their accumulation in 
the hypolimnion is taking place, Coupled with an underflow type of inflow 
pattern, the low outlet tends to remove even greater quantities of nutrients 
from the impoundment. The actual effects of these types of water removal 
depend on seasonal lake processes and discharge levels of the stream. 
CHEMICAL CHARACTERISTICS 
Dissolved Oxygen 
Dissolved oxygen was determined semimonthly from 13 June 1969 to 31 
July 1972. Selected profiles at Station III are shown in Figs. 10, 11, 
and 12 and for Station I in Fig. 13. The seasonal cycle of OX)lgen in 
Doe Valley Lake is typical of eutrophic impoundments, for oxygen depletion 
is pronounced in the hypolimnion by midsummer. Clinograde oxygen curves 
usually were observed except during overturn, winter circulation, and 
spring metalimnetic maxima. Positive heterograde curves occurred during 
the spring and early summer when values as high as 180 percent saturation 
were reported in the metalimnion as a result of high photosynthetic activi-
ty and the influx of cold, oxygen-rich Doe Run water. Oxygen values in 
the epilimnion at Station III usually exceeded saturation and were lowest 
during late summer and early fall prior to overturn. With the onset of 
summer stratification, oxygen was rapidly depleted at all depths below 
6 m, and by midsummer the concentration at a depth of 5 m was less than 
6 mg/1, and below 10 m, values were essentially zero. This great decrease 
was brought about by the oxidation of falling seston from the trophogenic 
layer above. The degree of oxygen depletion is a measure of the richness 
of the biota and can be used to estimate the productivity of an impound-
ment (Ruttner 1963). According to this scheme, Doe Valley Lake would be 
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very eutrophic since oxygen depletion in the tropholytic zone is severe. 
The hypolimnetic areal oxygen deficit may be used to evalua~e the 
oxidative processes occurring in the hypolimnion and is applicable to 
stratified lakes having maximum depths of 20-75 m and when water color 
is less than 10 platinum units. At Station III on 13 April 1972, the 
mean oxygen concentration below 9 m was 7.7 mg/1 and had decreased to 1.7 
mg/1 by 21 June 1972. A hypolimnetic oxygen deficit was calculated by 
the method of Hutchinson (1957) and was 0.038 mg/cm2/day. In terms of 
productivity, Hutchinson (1957) proposed that oligotrophic lakes lost 
hypolimnetic oxygen at the rate of 0.004 to 0.033 mg/cm2/day and eutrophic 
lakes at 0.05 to 0.14 mg/cm2/day, with mesotrophic lakes at values between 
these ranges. Mortimer proposed different limits of 0.025 mg/cm2/day as 
the upper limit for oligoCrophy and 0.055 mg/cm2/day as the lower limit 
for eutrophy. Based on these suggested ranges, Doe Valley Lake would be 
considered in the mesotrophic or eutrophic category. However, values 
vary somewhat, and regional differences have been observed between lakes 
with similar morphometry. Also, the calculated deficit is certain to be 
too low in lakes in which a considerable amount of photosynthesis takes 
place in the thermally stabilized layers of the upper hypolimnion (Hutchin-
son 1957). The metalimnetic maximum as detected by supersaturation of 
oxygen and high carbon-14 assimilation rates in the metalimnion indicated 
substantial productivity at the lower depths (58 mg/m3 at a depth of 12 m 
on 18 August 1971). This evidence of productivity at the top of the hypo-
limnion seems to indicate that the hypolimnetic areal &JIYgen deficit for 
Doe Valley may in fact be too low. 
Oxygen concentrations at Station I were always above saturation, and 
vertical distribution was uniform or slightly clinograde, mainly because 
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of the influx of cold, oxygen-rich stream water, Some depletion near the 
bottom was observed, but the level did not drop sharply except near the 
bottom, 
Hydrogen Ion Concentration 
Surface pH at Stations I and III ranged from 6.7 to 8.4 and 6.8 to 
8.1, respectively (Tables 2 and 3), Higher values were recorded at both 
sites during late spring and summer with minimum values during fall over-
turn (Fig, 14), Surface values at both stations from 18 August 1971 to 
31 July 1972 usually ranged from 7.5 to 8.0. The pH was lower in the 
hypolimnion and bottom waters at Station III, and at the height of summer 
stagnation was about 1 unit lower than surface readings. Values decreased 
with an increase in depth because of the liberation of free C02 via oxi-
dative processes. As mn most cases, the free C02 varied inversely to the 
oxygen concentrations, and in the oxygen-deficient, cold hypolimnion 
attained a maximum value. At overturn, surface and bottom pH were uniform 
at Station I and remained at about the same levels throughout the winter 
of 1971-1972 until late spring when stratification began (Fig. 14). The 
high pH values at both stations indicated that there was little free C02 
available for photosynthesis in the tropholytic zone and that licarbonate 
was being taken up in large quantities, 
Alkalinity 
Doe Valley Lake is a hardwater lake and is well above the minimum 
level of 35-40 mg/1 of bound or half-bound C02 for the hardwater category 
as outlined by Reid (1961), Total alkalinity at Stations I and III ranged 
from 120 to 230 and 116 to 186 mg/1, respectively, with mean values of 161 
and 151 mg/1 (Tables 2, 3). Bicarbonate comprised over 90 percent of the 
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Table 2. pH, specific conductance (µmho) and other chemical 
parameters (mg/1) in surface waters at Station I, Doe Valley Lake, 
Meade County, Kentucky, August 1969 through July 1972. 
Parameter 
pH 
Total alkalinity 
Phenolphthalein alkalinity 
Bicarbonate 
Total hardness 
Specific conductance 
Total solids 
Turbidity 
Silica 
Iron 
Manganese 
Copper 
Zinc 
Potassium 
Sodium 
Magnesium 
Calcium 
Nitrate nitrogen 
Nitrite nitrogen 
Ammonium nitrogen 
Organic nitrogen 
Total Kjeldahl nitrogen 
Total nitrogen 
Total phosphate 
Sulfate 
No. of 
determinations 
39 
41 
40 
35 
33 
27 
20 
34 
9 
37 
34 
4 
4 
10 
6 
8 
34 
36 
39 
25 
13 
15 
13 
39 
36 
36 
Mean 
161.4 
4.3 
156.0 
173.0 
411.0 
264.0 
23.1 
8.21 
0.04 
0.06 
0.03 
0.01 
1. 71 
2.54 
9.0 
68.1 
0.99 
0.017 
0.38 
0.30 
0.61 
1.67 
0.26 
38.7 
Range 
6.7 -
120.0 -
0.0 -
118.0 -
124.0 -
250.0 -
167.0 -
4.0 -
3.3 -
0.00-
0.00-
0.00-
0.00-
0.90-
1. 93-
7. 7 -
40.8 -
0.57-
0.00-
0.00-
0.00-
0.19-
1.10-
0.07-
10.5 -
8.4 
230.0 
20.0 
214.0 
236.0 
682.0 
343.0 
143.0 
12.8 
0.18 
0.30 
0.05 
0.03 
2.50 
3.90 
9.7 
94.4 
1. 98 
0.03 
0.69 
1.42 
1.42 
3.08 
0.81 
74.5 
Table 3. pH, specific conductance (µmho), and other chemical parameters 
(mg/1) in surface waters at Station III, Doe Valley Lake, Meade County, 
Kentucky, August 1969 through July 1972. 
Parameter 
pH 
Total alkalinity 
Phenolphthalein alkalinity 
Bicarbonate 
Total hardness 
Specific conductance 
Total solids 
Turbidity 
Silica 
Iron 
Manganese 
Copper 
Zinc 
Potassium 
Sodium 
Magnesium 
Calcium 
Nitrate nitrogen 
Nitrite nitrogen 
Ammonium nitrogen 
Organic nitrogen 
Total Kjeldahl nitrogen 
Total nitrogen 
Total phosphate 
Sulfate 
No. of 
determinations 
37 
42 
48 
39 
39 
40 
28 
23 
39 
9 
45 
42 
5 
4 
9 
5 
6 
40 
47 
47 
26 
12 
15 
14 
43 
40 
Mean 
151.0 
3.8 
147.0 
161.0 
418.0 
242.0 
16.0 
7.2 
0.04 
0.06 
0.01 
0.02 
2.04 
2.56 
8.78 
64.4 
0.94 
.017 
0.40 
0.34 
0.70 
1. 75 
0.30 
37.8 
Range 
6.8 -
116.0 -
a.a -
120.0 -
128.0 -
250.0 -
154.0 -
2.0 -
3.1 -
o.oo-
0.00-
0.00-
0.01-
1.30-
1.90-
5.30-
46.4 -
0.48-
o.oo-
0.00-
0.02-
0.35-
1.01-
0.07-
12.0 -
8.1 
186.0 
20.0 
180.0 
227.0 
680.0 
314.0 
90.0 
12.0 
0.18 
0.30 
0.03 
0.05 
4.00 
3.40 
12.30 
77 .5 
1.60 
0.06 
o. 77 
1.31 
1.40 
3.02 
0.84 
67.0 
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total alkalinity and approximately 77 percent of all anions analyzed at 
both collection sites (Fig. 15). Phenolphthalein or carbonate alkalinity 
averaged about 4 mg/1 and ranged from Oto 20 mg/1 at Stations I and III. 
Bicarbonate alkalinity was lower and carbonate alkalinity was higher in 
spring and summer when maximum photosynthesis was occurring, and the uptake 
of HC03 and the precipitation of CAC03 was prevalent. The pH was elevated 
to near 8.0, and free co2 was almost completely exhausted. There was an 
inverse clinograde distribution of bicarbonate with maximum values at the 
bottmm during late summer stagnation. 
Total Hardness 
Total hardness as Caco3 and MgC03 often exceeded 200 mg/1 in the 
surface and bottom waters of Doe Valley Lake (Fig. 14). Noncarbonate 
hardness contributed about 10-15 mg/1. Surface values at Stations I and 
III ranged from 124 to 236 and 128 to 227 with mean concentrations of 173 
and 161 mg/1, respectively (Tables 2, 3). At Station III, hardness in the 
hypQlimnion exceeded sur~ace values throughout 1971-1972 with the greatest 
difference occurring during September-October and April-May. The differ-
ence in the fall was a result of precipitation of carbonates and subsequent 
accumulation in the hypolimnion, In the spring of 1972, heavy flooding of 
Doe Run reduced the concentrations of most solutes by dilution. 
Specific Conductance 
Specific conductance reflects the amounts of electrolytes in solution. 
Conductivity ranged from 250 to 682 and 250 to 680 µmho/cm at Stations I 
and III, respectively (Tables 2, 3), and mean values were very similar. 
There was a general increase in conductance with depth at Station III. The 
maximum recordings were made in November 1971 and January 1972, and minimum 
values were recorded during the spring flooding of 1972 (Fig. 14). 
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A 
c, 
75.93 
c 
c, 
75.67 
STATION I 
STATION 111 
0.15% 
Fe 0.04 
Mn 0.07 
Cu 0.03 
Zn Q.01 
0.15% 
Fe 0.05 
Mn 0.07 
Cu 0.01 
Zn 0.02 
B 
HCO, 
77.84 
D 
HC03 
77.41 
STATION I 
STATION Ill 
·~ 19.31 
so. 
19.90 
0.71 % 
Cl 0.08 
P<1, 0.13 
NOg,0.49 
NOz0.01 
0.69% 
Cl 0.03 
P'l,0.16 
N~0.49 
N'7:0.0I 
Fig, 15, Percentage composition of the cations (A, C) and anions (B, D) 
in the surface waters at Stations I and III in Doe Valley LaKe, Meade 
County, Kentucky, 20 August 1969-31 July 1972. 
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Total Solids 
Total solids were measured at Stations I and III, and considerable 
variations were found mainly due to periodic flooding of the lake. Total 
solids usually were higher at Station I because of the greater productivi-
ty and the sediment load transported into the lake by Doe Run during floods. 
A similar trend was observed in 1970-1971 and 1971-1972 in that the seasonal 
cycle was bimodal with maxima in December and early spring and minimum 
levels in February and summer (Fig. 16). Seasonal variations were corre-
lated with productivity and turbidity levels. Mean total solids at I and 
III were 264 and 242 mg/1, respectively (Tables 2, 3). The maximum value 
of 343 mg/1 was recorded at Station I in 1969. 
Sulfate 
Several sulfur springs are present along the upper 5 km of Doe Run, 
and these contribute to high levels of sulfate (100 mg/1 or more) in the 
stream and Doe Valley Lake. Sulfate ranged from 10.5 to 74.S mg/1 at 
Station I, and the vertical distribution was uniform throughout the year. 
The highest surface values at this site were recorded in December 1971, 
and minimum values were observed during the spring flooding of 1972 (Fig. 
16). Greater amounts were found in the hypolimnion in July as a result of the 
sinking, sulfate-rich inflowing waters seeking their own temperature level. 
The seasonal cycle of sulfate at Station III was considerably differ-
ent than in the stream and was modified by the oxygen levels in the hypo-
limnion (Fig. 16). Vertical distribution was uniform at short intervals 
during fall overturn and winter circulation. The maximum value in the 
hypolimnion of 65.0 mg/1 was recorded in February 1972 and minimum levels 
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Fig, 16, Sulfate and total solids in mg/1 in the surface(----) and bottom(--) waters at Stations I and III 
in Doe Valley Lake, Meade County, Kentucky, 18 August 1971-31 July 1972, 
occurred near the bottom during summer stagnation when sulfate was reduced 
to hydrogen sulfide. Sulfate ranged from 12.0 to 67.0 mg/1 and averaged 
37.8 mg/1 in the surface waters at Station III (Table 3). 
Total Phosphate 
In the surface waters at Station III, phosphate ranged from 0.07 to 
0.84 mg/1 and averaged 0.30 mg/1. Maximum surface values were recorded 
during the winter months throughout the study period (Fig. 17). Minimum 
surface values corresponded to periods of high productivity and high standing 
crops of phytoplankton. Pulses of Dinobryon ~lindricum occurred only 
when levels of phosphate were low, e.g., September 1969, April 1970, November 
1970, May 1971, November 1971, and June 1972, Phosphates were depleted dur-
ing peak productive periods ~e as low as 0.07 mg/1, Phosphate levels in the 
bottom waters were similar to surface values except during summer stratifi-
cation when phosphates were being released from the mud and concentrations 
in the depths were increased (Hutchinson 195~). Surface and bottom values 
at Station I were uniform and similar to surface measurements at Station 
III. Concentrations ranged from 0.07 to 0.81 mg/1 and averaged 0.2i mg/1 
during the st~dy period. The seasonal cycle was altered at this site by 
flooding, and maximum values were found in March-April 1972. 
Nitrogen 
Nitrate nitrogen. Nitrate nitrogen ranged from 0.48 to 1.60 and 0,57 
to 1.98 mg/1, and averaged approximately 1.0 mg/1 at Stations I and III in 
Doe Valley Lake (Tables 2, 3), Surface and bottom concentrations at 
Station I were similar throughout the entire study period. The seasonal 
cycle of·nitrate nitrogen at Station III followed a similar trend in 1970-
1971 and 1971-1972 that is representative of eutrophic impoundments. Nitrate 
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levels were maximum throughout winter and minimum during summer. Marked 
differences in surface and bottom concentrations were·evident during summer 
stagnation (Fig. 18), Surface concentrations were depleted as a result of 
photosynthetic activity from the maximum of about 1~50 mg/1 to 0,68 mg/1, 
but in the anaerobic hypolimnion nitrates were reduced to ammonia and 
concentrations dropped to 0.05 mg/1, 
Nitrite nitrogen. Nitrite nitrogen remained at very low concentrations 
and never exceeded 0,06 mg/1 in the surface waters. Uniform concentrations 
recorded at Station I, and levels were influenced by the activities of Doe 
Run. 
Ammonium nitrogen. Ammonium nitrogen ranged from 0.00 to 0,69 and 0.00 
to 0.77 mg/1 at Stations I and III, respectively, in Doe Valley Lake, Con-
centrations in the surface waters at both stations averaged about 0.40 
mg/1 (Tables 2, 3), The concentrations of ammonium nitrogen at all depths 
at Station I were about the same throughout the year. At Station III, there 
was a marked increase of ammonium nitrogen with an increase in depth, and 
in the bottom waters at the height of summer stagnation (November 1971) 
concentrations as high as 3,0 mg/1 were recorded (Fig. 19), 
Kjelddhl nitrogen, Total Kjeldahl nitrogen includes organic and 
ammonium nitrogen but not nitrates, nitrites, azides, nitriles, hydrazones, 
etc, Total Kjeldahl nitrogen ranged from 0.19 to 1.42 mg/1 and averaged 
about O. 70 mg/1 in Doe Valley Lake, Maxirim values were recorded at both 
stations in late January and March-April (Fig, 19). 
Total nitrogen, Total nitrogen ranged from 1.01 to 3,08 mg/1 and 
averaged 1.75 mg/1 at Station III in Doe Valley Lake, Similar values were 
recorded at Station I. Seasonal variation was observed and maximum values 
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Fig, 19. Anunonium nitrogen, Kjeldahl nitrogen, nitrate nitrogen, and total nitrogen in mg/1 at Stations I 
and III in Doe Valley Lake, Meade County, Kentucky, 18 August 1971-29 October 1972, 
were found from late January to April 1972. Minimum levels occurred in 
summer when nitrate and ammonium nitrogen were depleted and planktonic 
nitrogen was low. 
Major Cations 
In most natural freshwaters, the order of decreasing abundance of 
major cations is calcium, IDagnesium, silica, sodium, potassium, and iron. 
The ratio of elements apparently plays an important role in determining 
the qualitative and quantitative nature of the phytoplankton. Pennak (1944) 
has suggest.ed that low Na + K/Ca + Mg ratios favored diatoms and blue-green 
algae while high ratios favored green algae, 
Calciwn. Usually Ca and HC03 are present in quantities in excess of 
basic requirements, Calcium is b¥ far the most abundant element in Doe 
Valley Lake and accounted for 76 percent of all cation concentrations in 
the surface waters at all stations (Figs. 15, 20), Calcium ranged from 
40,8 to 94.4 and from 46.4 to 77.5 mg/1 at Stations I and III, respectively. 
Average values at these sites were 68.1 and 64.4 mg/1, The migher concen-
trations at Station I resulted from the influx of calcium-rich Doe Run 
water. The inflow from Doe Run also influenced the vertical distribution 
because the fate of the inflowing water varied seasonally, producing maxi-
mum and minimum surface values at Station I in winter and summer, re-
spectively (Fig. 20). There were significant differences in calcium con-
centrations in the surface and bottom waters at Station III because of 
the precipitation of calcium during stratification and surface dilution 
during periodic flooding. Calcium exceeded 100 mg/1 in the hypolimnion 
at the height of summer stagnation (Fig, 20). The vertical distribution 
curve for Doe Valley Lake is inverse clinograde, 
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Magnesium, Usually, magnesium is present in natural waters as a 
bicarbonate-car~onate system and its behavior is similar to that of 
calcium bicarbonate and carbonate, eJtCept that the magnesium compounds 
are more solubleall.d consequently do not precipitate as easily (Ruttner 
1963). Magnesium concentrations averaged approximately 9,0 mg/1 in Doe 
Valley and constituted about 10 percent of the major cations analyzed 
(Fig. 15). Values ranged from 5.3 to 12.3 mg/1, and no evidence of pre-
cipitation was observed. 
Sodium. Sodium occurred in Doe Valley Lake at low levels with a maxi-
mum value of 3.9 mg/1 (Fig, 15). Average values at the upper and lower 
stations were very similar and no evidence of accumulation in the hypo-
limnion was observed. 
Potassium. The exact roles of potassium in aquatic plants are not 
known but it appears that it is necessary for the translocation of carbo-
hydrates, synthesis of proteins and sugars, and in normal division (Salisbury 
and Ross 1969), Concentrations in most freshwaters probably exceed mini-
mum requirement levels, Potassium levels in Doe Valley Lake were slightly 
lower than sodium, Mean values for Stations I and III were 1.71 and 2,04 
mg/1, respectively (Fig. 15), 
Silica, Silica is an important constituent in the cell wall of diatoms 
and has been suggested as a limiting factor in some freshwater environ-
ments, Depletion of dissotted silica occurs as a result of surface deple-
tion and because silicates are released from the sediments (Hutchinson 
1957:792). Silica.ranged from 3.0 to 12.8 mg/1 in Doe Valley Lake and 
the average value at Station I was considerably higher (Fig. 15). Analyses 
of silica were performed from February 1972 until July 1972, Concentra-
tions decreased following the spring pulse of diatoms, and establishment of 
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a metaliumion to 3,0 mg/1 in July 1972. 
Iron. The seasonal cycle and concentration of iron in lakes reflect 
the nature of the environment and deserve special attention. In the epi-
liumion · of alkaline lakes that are moderately to highly productive, low 
levels of iron usually are present and exist only in the colloidal state, 
The anaerobic and acidic hypoliumion favors the reduction of ferric hydrox-
ide to the more soluble ferrous bicarbonate. Thus, the hypoliumion of 
eutrophic lakes may tend to act as a reservoir of storage for iron. When 
groundwater that contains iron comes in contact with air, Fe(OH) 3 is pre-
cipitated (Ruttner 1963). Most spring-fed streams contain only small 
amounts :of iron becasue of this insolubility, and impoundments do not re-
ceive appreciable concentrations of iron. Thus, significant iron accumu-
lation in the hypoliumion is not likely to occur (Hem 1970). 
In Doe Valley Lake, the highly alkaline waters and supersaturated 
oxygen levels make iron insoluble in the epilinmion, The average value 
at both upper and lower stations was only 0,04 mg/1, and was probably pre-
sent as the colloidal form (Fig. 20). Throughout the winter of 1971-
1972, no iron was detected in the surface waters, Accumulation in the hypo-
liumion occurred during summer stratification but maximum levels did not 
exceed 0,22 mg/1 which suggests that low levels of iron •re added to the 
lake by runoff since iron occurs only in trace quantities in Doe Run, 
Trace Elements 
Manganese. The behavior of manganese is very similar to that of iron 
except that it undergoes reduction easier and is harder to oxidize. Thus, 
one would expect to find manganous ions in detectable quantities at redox 
potentials too high to permit substantial amounts of iron (Hutchinson 1957). 
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An enrichment of manganese occurs in the hypolimnion of productive lakes 
during stagnation periods, 
In Doe Valley Lake, manganese levels were variable, and concentrations 
ranged from 0,00 to 0,3G mg/1 in the surface waters, More than 40 deter-
minations were made and the mean value was 0,06 mg/1, Soluble manganese 
was seldom detectable throughout 1971-1972 and occurred only in the late 
summer and at fall turnover (Fig, 20), Significant accumulations of 1,80 
mg/1 were found in the hypolimnion as a result of reduction and increased 
solubility, 
Zinc, Zinc usually occurs only in trace quantities in natural waters 
and appeass to be toxid to lake fauna at concentrations of 0.65 ppm 
(Huthhinson 1957). This element is an essential part of certain enzyme 
systems (Salisbury and Ross 1969). Zinc ~as analyzed only four times 
during this study and ranged from 0,00 to 0,03 mg/1 with an average of 
0.01 mg/1. 
Copper. Levels of copper mn Doe Valley were quite low (0,00 to 0,05 
mg/1) and no stratification was found, Average values at the upper and 
lower stations were 0.03 and 0.01 mg/1, respectively, 
Determination of Car~on-14 Activity 
One of the major problems in using liquid scintillation counting method 
is the loss of fl'(iurescent energy via quenc~ing, Any suspended or par-
ticulate matter in the sample fluor will absorb energy and result in de-
creased detection of carbon-14 activity, Normally, the thickness of the 
algae on the filter does not result in an appreciable loss of activity. In 
this study, thickness of algal concentration on the filter did not result 
in any substantial quenching as detected by the channels ratio method. Al-
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though Lind and Campbell (1969) found no evidence of quenching in water 
samples with turbidity readings of 30 Jackson turbidity units, turbidity 
did present a quench problem especially during the winter and spring 
mon~hs when turbidity exceeded 75 mg/1 as SiOz. Such quenching was de-
tected by the channels ratio method, and corrections were made according-
ly. An additional problem in studying impoundments is that during flood-
ing stratification of turbidity occurs, especially in a spring-fed stream 
impoundment. In the winter of 1971-1972, the inflowing warmer and more 
turbid Doe Run water stratified the upper 10 m of Doe Valley Lake in re-
spect to turbidity levels and temperature. The surface waters contained 
approximately 90 mg/1 of SiOz and the level decreased with depth such that 
at 10 m turbidity was less than 10 mg/1. On all experimental runs, some 
aliquots of surface samples were filtered in duplicate, and a self-absorp-
tion curve was drawn for each day to ascertain the degree of quench. Sig-
nificant losses of activity were observed during periods of high turbidity, 
and for 200-ml filtered samples, the efficiency of the counter dropped 
from 95 percent to as low as 48 percent. In this study, even when 100-ml 
aliquots were filtered, turbidity quenching was observed if turbidity ex-
ceeded 30 mg/1 as SiOz. Except during turbid periods, 300-ml samples were 
filtered to determine carbon-14 uptake. 
Dark bottle uptake was highly variable and a dark bottle at each suc-
cessive depth was necessary. Dark bottie uptake ranged from 100 to 10,000 
dpm and was considerably higher at the surface .• Values usually were 2,000-
5,000 dpm at the surface and considerably lower (less than 1,000 dpm) at 
the lower depths. Generally, dark bottle assimilation of the carbon-14 
was about 10 percent of light bottle assimilation. Surface dark bottle up-
take was always higher than light bottle uptake at lower depths, 
Carbon-14 Assimilation 
Carbon-14 uptake as a measure of primary productivity showed considerable 
seasonal variations that ate attributed to annual fluctuations in light, 
temperature, available nutrients, and phytoplankton standing crops. Pro-
ductivity at Station I fluctuated more because of the periodic flooding of 
Doe Run, but daily assimilation rates and average productivity were higher 
at this station, and ranged from a low of 44 mgC/m2/day on 13 April 1972 
to a high of 1,992 mgC/m2/day on 23 May 1972 (Table 4), and averaged 758 
mgC/m2/day for the entire study period, Productivity rates at Station III 
ranged from 162 to 1,462 mgC/m2/day and averaged 698 mgC/m2/day during the 
study period (Tables 4, 5, 6, Figs. 21, 22, 23). Average annual rates 
at Stations I and III were 277 and 255 gC/m2/year, respectively (Table 6), 
At Stations I and III on 29 April 1972, respective totals of 1,772 and 1,462 
mgC/m2/day were assimilated, of which 1,632 and 1,226 mgC were assimilated 
at the O depth at ~ach station. Over 90 percent of the total production 
occurred in the apper 1 m of the water column. A similar trend was apparent 
during highly turbid periods when Secchi disk readings were less than 0.3 m, 
At Station I on 13 April 1972, following local heavy rains, 43 mgC/m2/day 
was assimilated, all of which was assimilated at the surface level (Table 4, 
Fig. 23), 
In Doe Valley Lake, winter assimilation rates were not much lower than 
fall rates, Other investigators have reported a large decline in photo-
synthetic activity in other lakes in winter (Wetzel 1965, Goldman and Wetzel 
1963, Anderson 1964-, Olive et al. 1968). However, Wetzel (1966) reported 
values slightly higher than those in Doe Valley Lake in Goose Lake, Indiana • 
•• 
Table 4. Primary productivity in Doe Valley Laite, Meade County, Kentucky, in lllil.ligrams of carbon 
aasilllilated per cubic meter per day, Auguet 1971 - July 1972. 
1971 
2 August 
m!~i!i/~.: 
Station Ill l!i November Station I Station Ill 
Depth (n) mgC/m3/day Depth (m) -,,c/al/day mgC./u.3/day 
0 
"' 
0 130 133 
l lJS l 175 rn 
2 124 2 142 104 
3 46 3 96 61 
4 24 4 '3 34 
5 19 5 20 22 
' 
2 6 9 10 
7 l 
' 
6 
8 8 2 
• 9 
l 
10 10 0 
11 l 
587 615 499 
18 August Station I Station Ill JO Novenber Station 1 Station Ill 
Depth (m) mgc/-.1/day mgC/11.3/day Depth {m) mgC/m3/day mgc/,,;l/day 
0 242 77 0 11 40 
l 184 28 l 147 162 
2 188 103 2 460 113 
3 
" 
95 3 142 56 
4 59 99 4 75 39 
5 33 87 5 27 l9 
' 
85 
' 
28 6 
7 91 3 
8 105 34 
• 29 0 10 17 10 
11 26 
12 58 
792 900 890 m 
l!i September Station I Station Ill 21 Decenber Station I Station III 
Depth (u.) JJ.gC/m3/day mgC/m3/day Depth {m) mgC/m3/day -.p.C/m3/day 
0 208 92 0 96 56 
l 205 113 l 123 97 
2 '10 119 2 49 117 
3 162 140 3 20 63 
4 79 105 4 14 32 
5 58 57 5 16 
' 
4 70 6 8 
7 5 92 7 
8 98 8 
• 47 9 2 10 23 10 5 
931 956 302 407 
1972 
28 September Station I Station III 8 January Station I Station Ill 
Depth (11.) mgC/n3/day u.gC/o.3/day Depth (11.) mgC/.;1/day u.gC/u.3/day 
0 172 73 0 38 5 
l 191 
" 
l 66 50 
2 198 78 2 39 59 
3 112 95 3 16 62 
4 106 55 4 
' 
49 
5 85 63 5 2 44 
' 
5 25 
' 
27 
7 
' 
7 14 
8 17 8 8 
• 47 9 4 10 50 10 2 
11 38 
"' 
633 167 3'4 
lB October Station I Station Ill 27 January Station l Station Ill 
Depth (o) mgC/n3/day mgC/ml/day Depth (m) u.gC/m3/day mge/.;3/day 
0 283 71 0 134 165 
l 134 117 l 77 JO 
2 124 80 2 70 50 
3 141 98 3 21 JO 
4 31 83 4 7 16 
5 23 5 25 4 
' 
17 
' 
6 41 
" ' 
6 
l 8 l 
11 9 0 
10 8 10 0 
no 540 340 m 
29 October 
m!~i!1/~a~ 
Station III 11 February 
m!~j!i/:a~ 
Station Ill 
Depth (m) ngC/ml/day Depth {m) mgC/m3/day 
0 117 102 0 37 33 
131 85 l 510 212 
121 104 2 395 255 
3 91 99 3 160 191 
4 l 77 4 51 96 
5 33 io, 5 17 56 
' 
15 51 7 2B 
' 
38 14 
8 26 5 
9 36 • 10 7 10 
11 l 
509 728 1.177 891 
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Table 4 (continued) 
1972 
1 March Station I Station III 4 June Station I Station Ill 
Depth (m) mgC/11.3/day mgC/11.3/day Depth (m) mgC/m3/day mv,C/.,,,3/day 
0 77 
"' 
0 260 82 
1 9 4 1 m Ul 
2 1 
' 
2 
"' "' J 0 J J UJ 7S 
' 
0 1 4 50 n 
; 0 0 ; 12 
" 6 4 6 6 
" 7 0 7 7 26 
8 0 8 J 
9 1 9 3 
10 0 10 2 
--,,- 298 874 629 
20 March m!~i!!/~ .. : Station lll 7 June m!~j!!/;a: Station III Depth (•) mgc/.,;1/day Depth (m) mgC/m3/day 
0 
" 
10 0 115 
' " "' ' 
198 
2 3 9 2 137 
J 1 0 
' 
m 
' 
0 
' 
rn 
5 0 5 uo 
6 0 0 6 75 
7 0 7 
8 
' 
8 
9 0 9 
10 J 10 
u 0 
'" er 162 
13 April Station I Station III 21 June Station I Station III 
Depth (m) mgC/11.3/day mgC/m3/day Depth (m) mgC/m3/day mgC/.,,,3/day 
0 
" "' 
0 222 U7 
1 0 80 1 278 1'J 
2 0 7 2 '82 157 
J 0 
' 
J 183 120 
' 
0 ;
' " 
81 
5 1 0 5 " 6 0 0 6 2B
7 0 7 " 8 0 8 " 9 0 9 10 
10 0 10 2 
44 
"' '" 
m 
29 April Station I Station III 17 July Station I 
Station III 
Depth (m) mgC/m3/day mgC/m3/day Depth (11) DgC/m3/day mgC/m3/day 
0 1632 1226 0 m 
20, 
' 
U7 219 
' 
3'0 233 
6 14 2 270 m 
2 
' 
J 203 
"' 
2 0
' 
100 206 
B 
' 
5 9 l48 
0 0 6 0 80 
7 0 7 " 8 0 8 " 9 0 9 
5 
10 0 10 
18 
ll 0 
1772 1462 1274 1386 
15 May Station I Station III 31 July Station I 
Station Ill 
Depth (m) 11.gC/11.3/day mgC,fm3/day Depth (m) mgC/m3/dB'J ..ge/.,,,3/day 
0 583 '59 0 295 109 
1 190 360 1 "' 
93 
2 37 220 2 214 135 
J 1 69 J 132 
92 
' 
0 
" ' 
62 58 
; 0 ; 5 " 6 0 10 6 " 
7 0 7 
35
8 9 8 
22 
9 0 9 3 
10 J ,0 
1 
au 965 
'" 
684 
23 Kay Station 1 Stati' III 
Depth (m) mgC/p.3/day DgC/ /day 
0 
"' 1 621 
2 582 
3 260 
' 
25 
5 0 
6 
7 
8 
9 
10 
IT92" 
56 
Table 5. Primary productivity in Doe Valley Lake, Meade County, Kentucky, 
in milligrams of carbon assimilated per square meter of surface area per 
day, August 1971 through July 1972. 
Date Station I Station 111 
2 August 587 
18 August 792 900 
15 September 931 956 
28 September 869 633 
18 October 720 540 
29 October 509 728 
15 November 615 499 
30 November 890 472 
21 December J03 374 
1972 
8 January 121 324 
27 January 340 343 
11 February 1176 890 
1 March 89 298 
20 March 81 162 
B April 44 457 
29 April 1772 1462 
15 May 811 965 
23 May 1992 
4 June 874 629 
7 June 930 
21 June 930 748 
17 July 1274 1386 
31 July 984 684 
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Table 6, Average daily and total primary productivity in Doe Valley 
Lake, Meade County, Kentucky, August 1971 through July 1972, 
Station I Station III 
Average daily production 
(mgC/m2/day) 758 698 
Average yearly production 
(mgC/m2 /year) 276,670 254, 770 
Average yearly production 
(gC/m2/year) 277 255 
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Fig. 22. Primary productivity as milligrams of carbon assimilated per 
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In Doe Valley Lake, there was an inverse correlation between turbidity 
as Si02 and productivity (Table 7, Fig. 24). A decrease in light penetration 
as a result of high standing crop of phytoplankton reflected peak productivity 
periods, and an apparent shading effect was also observed on 29 April 1972 
(Fig. 23). The transparency was influenced greatly by productivity and 
turbidity in that there was an inverse relationship between Secchi disk 
values and productivity and turbidity. The maximum Secchi disk value at 
Station III was 4.1 min August 1971 and the minimum value was 0.3 m on 
13 April 1972. Maximum and minimum values at Station I were 2.3 m and 0.2 
min August 1971 and March 1972, respectively (Fig. 25). Usually, light 
penetration at Station III was at least twice as great as at Station I as 
a result of higher productivity and turbidity at that station. Station I 
was subject to greater variation in transparency due to local flooding of 
the stream. High correlation coefficients were found between productivity 
and light penetration as percentage transmittance on all sampling dates 
(r = 0.458 tor= 0.999). 
The compensation depth is represented by the 1 percent light trans-
mittance level, the level at which production equals respiration. It can 
be shown graphically by plotting the percentage transmittance at the various 
depths on logarithmic paper (Fig. 26). The compensation depth at Station III 
in Doe Valley varied from approximately 10 min October 1971 to a low of 
2.9 m on 20 March 1972. Maximum and minimum values at Station I were 6.1 and 
2.2 m. In general, maximum values corresponded to periods of low productivity 
and/or low turbidity. 
Photosynthetic depth curves in Doe Valley Lake were variable, and over 
the course of the study, curves correspond.ing to two of Findenegg' s (1964) 
three lake classes were observed. The photosynthesis depth curves were more 
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Table 7. Correlation coefficients between primary productivity as 
mgC/m3/day and environmental parameters at Station III in Doe Valley 
Lake, Meade County, Kentucky. 
Depth (m) Temp. 
0 -0.045 
2 0,226 
4 0.615 
5 0.634 
6 0.568 
Depth (m) 
0 
2 
4 
6 
Physicochemical Parameters 
Turbidity pH Alkalinity 
0.195 0.315 -0.397 0.191 
-0. 340 0.059 -0 .162 -0.143 
Biological Parameters 
Chlorophyll a 
0.430 
O.!i34 
0.199 
0 .326 
Net Plankton 
Cells/1 
0.610 
0.066 
0.605 
0.457 
0.076 
0.027 
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Fig, 24. The relationship between turbidity as ppm Si02 and primary 
productivity as milligrams of carbon assimilated per square meter of 
surface area per day at Stations I(~~) and III(----) in Doe 
Valley Lake, Meade County, Kentucky 2 August 1971-31 July 1972. 
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Fig, 25, Primary productivity in milligrams of carbon assimilated per 
square meter per day (~~), solar radiation in laµgleys per day(----) 
at Lexington, Kentucky, and Secchi disk readings in meters (.1.) at 
Stations I and III in Doe Valley Lake, Meade County, Kentucky, 2 August 
1971-31 July 1972, 
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Fig. 26. Light penetration as percent transmittance at Stations I(~~) 
and III(----) in Doe Valley Lake, Meade County, Kentucky, 18 October 
1971-31 July 1972. 
uniform during summer when overall productivity was low. Lower standing 
crops and stronger light intensities permitted greater light penetration, 
and higher productivity at greater depths in the water column occurred 
during this period. Curves at Station I almost always had a definite 
assimilation maximum at the top of the epilimnion and in many cases was at 
the surface. These curves corresponded to peak productive or highly turbid 
periods when light appeared to be a limiting factor, because of low light 
penetration from a biomass shading effect and turbidity. At Station I on 
20 April 1972, a total of 1,772 mgC/m2/day was assimilated, of which 1,632 
mg was assimilated at the surface. On this occasion, duplicate samples 
were incubated, and the samples differed by only 5 percent. A similar trend 
was observed at Station III, and 84 percent of the total assimilation 
occurred at the surface. In addition to Type 1 curve, Station III curves 
were Type 2 (dichotomic) during August and September 1971. Maxima occurred 
at depths of approximately 2 and 8 m and the latter was in the upper part 
of the metalimnion. The Class 3 lake or Type 3 curve usually is character-
ized by miltalimnetic maxima caused by Oscillatoria X'Libescens and O. agardhii, 
but neither species was associated with these curves in Doe Valley Lake. 
Standing crop of phytoplankton was low, light penetration was greater, and 
the compensation depths were approximately 11-12 m. 
Primary productivity as mgC/m2/day correlated with solar radiation 
(r = 0.443). A low correlation coefficient (r = 0.02) between solar 
radiation in langleys per day and primary productivity as mgC/m3/day at the 
surface was indicative of surface inhibition. Inhibition was evident at 
both stations throughout the study period and was not limited to any season. 
Phytoplankton Pigments and Standing Crop 
Phytoplankton pigments including chlorophylls a, b, and c and carotenoids 
were determined by the method of Strickland and Parsons (1968) to correlate 
with productivity, A sonifier was used to rupture cells during the ex-
traction process because significant increases (20 to 45 percent) in pigment 
values were obtained from sonified samples, In general there was an increase 
in pigment concentrations with depth and this trend agrees with an earlier 
report (Saunders et al. 1962). Pigments were consistently higher at Station 
I than at III (Figs, 27, 28, 29, and Table 8), The highest chlorophyll a 
level (17,0 mg/m3) was found at Station I on 29 April 1972 att the surface 
when the highest assimilation rate occurred (1,632 mgC/m3/day), High and 
low values generally corresponded to respective photosynthetic periods and 
correlated well with standing crops of net phytoplankton on an annual basis 
(r = 0,50 tor= 0.77). Chlorophyll b occurred in the lowest concentrations 
of all pigments analyzed, Chlorophyll c values usually exceeded a and b 
values, and carotenoids consistently comprised approximately 50 percent of 
the total pigment levels, In a lake dominated by chrysophytes and diatoms 
such as Doe Valley, carotenoids appear to be quite important (Table 8) as 
has been suggested by Creitz and Richards (1955). 
The relationship between standing crops of phytoplankters was quite 
varied (Figs. 30, 31), There was a positive correlation between chlorophyll 
a levels and standing crop of cells on 11 February and during the May-June 
period, During these times the dominant phytoplankters were diatoms, 
Synedra uZtta and/or CycZoteZZa sp., the green alga WesteZZa botryoides, 
and the euglenids TracheZomonas spp. When the standing crop of cells con-
sisted of larger species including Dinobryon cylindricum, AsterionelZa 
formosa, MaUomonas caudata, and Ceratium Jiirundinella, tlH!re was an appar-
ent inverse effect. One has to be cautious in evaluating chlorophyll levels 
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Table II, Phytoplankton pip&nts, chlorophylh a, h, and c, and caroteno1ds (d), in ,nilligrama per cubic meter st the surfsce and 4 different depths at Stations land Ill, Doe Valley Lake, Meade County, Kentucky, Auguat 1971 through 
July 1972. 
Dat• and Surfac& 2 Meten 4 Meters Meters teu 
Sutton . 
' ' ' 
. 
' 
' ' 
• 
' ' ' 
• 
' ' ' 
• 
' 
8/2/71 
' 
2,93 2.96 4.87 8,16 
m 2.50 1.53 5,70 3,82 
8/18/71 
' 
5.01 2,52 7 .06 11.00 
m 2.21 1.98 5.10 3.12 6.42 4.79 14.85 7 .88 
9/28/71 
' 
5.63 4.73 14.30 B.42 4.18 2.79 8.86 6.05 4,64 4.27 12.69 6.97 5.68 5.63 18.23 9 .74 
m 1.45 0.28 1.43 2.37 1.95 1.34 4.24 4. 70 3,10 2.110 11.90 II.SO 0.00 0.00 o.oo 4.00 2.12 1.60 4.90 6.00 
10/18/71 
' 
2.28 2,39 7 .84 6.97 2.36 1.53 s. 79 5,79 1.32 0.47 0.97 1.84 
m 1.43 o.40 4.36 3.03 2,43 1,33 5.36 6,18 1.92 1.37 4.21 4.47 
11/15/71 
' 
0.91 0.70 0.26 1.45 1.26 0.76 
'·"' 
1.97 0.70 0.51 
'·"' 
1.18 
m 2.01 0.93 1.20 2.24 1.24 1.38 2.78 3.95 1.12 1.06 1.89 2,02 o. 79 2.17 1.93 1,67 0.86 1.12 1.31 2.22 
11/30/71 
' 
1.311 1.14 3.47 2.10 3,43 2.80 9 .311 6.58 3.78 2.38 6,80 6.32 
m 6.32 4,28 14.76 11.16 6,47 6.00 15.25 9,34 5.22 6.11 14.80 8.42 4,70 3.75 11.45 7.00 5,70 5.75 16,80 9.50 
12/21/71 
' 
3.26 0.65 1.411 4,58 6.44 1.16 4,19 9.36 9.26 2.114 5.76 14.14 
m 3.53 0.25 0,66 4. 74 5.34 1,42 4.43 11.16 8,09 9. 74 31.49 7 .24 7 .38 4.26 11.17 9 .36 6.23 2.29 6.83 10.00 
1/8/72 
, 1,26 0.57 1.99 2.76 L8' 1,04 2.57 3,42 1.96 1.12 3.72 3,55 
m 1.08 1.14 5,04 4. 74 2,28 2.28 9.28 11,05 0.39 0,49 2,07 1.18 
1/27 /72 
' 
8.00 5,10 10.34 21,00 
m 7 ,25 11.25 8.95 14.SO 
2/11/72 
' 
5.95 2.45 9.00 ,.oo 17 .10 4.SO 9 .70 23.00 14,60 7 .90 3.50 ~LOO 11,55 3.20 7 ,05 16.SO 
ut 12.10 J.15 9.25 16.00 9 .33 2.10 B.23 13.50 10,40 
"" 
5,60 13.50 9,35 2.20 6.65 lZ,50 8.75 2.45 7.10 13.50 
4/29/72 
' 
17 .oo 5.44 14.61 47 .80 11.90 4.90 18.10 33.00 12.33 8.56 26,83 43.30 
m 9.83 1.IIJ 5.72 26.11 7 .89 2.28 9.50 20.00 1.61 2.67 10,88 12,22 
5/15/72 
' 
7 ,42 2.31 2,80 13.00 6.70 0.66 4.90 9.00 4.34 1.52 5,80 10.00 
m 11,60 2.20 7 ,90 15.00 13,75 3.55 12,SO 26.00 12,10 2.SO 12.80 21.65 12, 75 0.90 8,45 16.50 14.50 1.55 LW ~o.5o 
5/23/72 
' 
3. 70 0,60 o.oo 7 ,78 4,45 0,70 3.95 10.00 S.60 1.00 5,40 10.00 2,39 0.83 3.22 4,44 
m 
6/4/72 
' 
5,40 2.70 9.30 18.00 3.10 3.60 10.02 10.00 5.20 uo 13,20 16.00 s.oo S.50 22.so 22.00 
m 1.06 1.99 3.40 
'·"" 
0.86 3,30 LOO 17 .oo 4.24 3.21 9.70 19,00 10,89 2.60 16.00 18,00 9.78 3.50 12.10 17 ,00 
6/21/72 
' 
4.89 1.94 3,50 10.00 6,67 2.11 4,83 11.66 6,67 2.11 4,83 14.44 
m 1.88 0,44 1.39 4.44 2.50 0,22 o.oo 3.89 1.11 1.56 0.72 4,44 
7/17/72 
' 
8.50 2.so 3,17 13.33 11,00 3.17 9 ,50 16.10 12.39 0.83 4.67 17 .22 
m 3,61 2.44 
'·"" 
7 .BO 5.33 2.61 5.33 10,56 7 ,78 0.83 7 ,78 16.67 10.60 o.oo 4,22 14.40 
7/31/72 
' 
2.33 2.00 2,33 S.00 
'·"' 
0.00 4,17 3,33 1.67 1.SO 1.78 2. 711 
m 1.28 0,00 2.56 1,94 o.oo 2.28 0,00 1.67 1.89 0.44 0,00 2.78 
r-~-ctf----~~-!f---11t-+1'----._+J'--_._---l-,_~,.-1-1-,~· 
"' ~ 
"' ~ 
Fig, 30. Net phytoplankton (cells/1) and primary productivity (mgC/m3/day) at Station III in Doe 
Valley Lake, Meade County, Kentucky, 18 August 1971-31 July 1972. 
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Fig. 31. Net phytoplankton (cells/1) and primary productivity (mgC/m3/day) at Station I in Doe 
Valley Lake, Meade County, Kentucky, 18 August 1971-17 July 1972. 
• 
because of the effects of the physiological state of the chloroplast, avail-
ability of light and nutrients, and competition among bacteria and phyto-
plankters for solutes. Chlorophyll more closely corresponded with produc-
tivity rates than did net plankton although efficiency levels varied con-
siderably in response to light, temperature, and nutrients. Again, it must 
be emphasized that usually only net plankton was collected, and the effi-
ciency of the net in retaining the smaller species was only 10-15 percent 
compared to 60-70 percent for the larger species. Actual nannoplanktop pop-
ulations were at least 10 times those reported from net samples. Other 
investigators have reported a definite inverse relationship between produc-
tivity rates and standing crop (Findenegg 1965, Simmons and Neff 1968, Goldman 
1968, Duthie and Kirton 1968, Howard 1963, Margalef 1965, Elster 1965, 
Verduin 1959, Wright 1960, Paasche 1960, and Vollenweider and Nauwerck 1961). 
In a number of these studies, the lakes were highly eutrophic and dominated 
by large, filamentous ~lue-green algae that have a lower photosynthetic 
efficiency. Findenegg (1965) emphasized that the nannoplankton are more 
active than larger species because of a more favorable vmlume/surface ratio 
for the uptake of nutrients. In an attempt to evaluate the contribution of 
the nannoplankton and net plankton to the total productivity in Doe Valley 
Lake, duplicate volumes of lake water were filtered through a #25 plankton 
net and resuspended with unfiltered samples during the four seasons. These 
experiments demonstrated that the nannoplankton contribute a major portion 
of the assimilation in the take. The nannoplahkton appeared to be more 
active during October and accounted for 85 percent or more OE the assimila-
tion at most depths during May and June (Fig. 32). Only when large algal 
species were dominant (late summer and fall) did the net plankton contrib-
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per cubic meter per day by nannoplankton 
(----) in Doe Valley Lake, Meade County, 
ute as much as 50 percent to the total assimilation, Goldman and Wetzel 
(1963) and Goldman et al.(1968) have reported similar findings that ultra-
plankton (<10 µ) usually are more active than the larger species except dur-
ing summer. 
Co~pared to other lakes, Doe Valley is moderately productive and probably 
ranks near the median value. On Rodhe's scale (1969), Doe Valley Lake would 
be placed at the top of the natural eutrophic category, Average daily assimi-
lation rates at Stations I and III were 758 and 698 mgC/m2/day, and average 
annual rates were 277 and 255 gC/m2/yr, respectively. Wetzel (1964, 1966) 
reported average daily values ranging from 359 to 1,564 mgC/m2/day for several 
lakes in Indiana although most of the rates were less than 650 mgC/m2/day, 
Johnsen et al, (1962) reported rates as high as 1,780 mgC/m2/day in some 
Danish lakes. Megard (1970) found some of the highest production rates of 
2,020 mgC/m2/day in Shagawa Lake and 3,100 mgC/m2/day in Lake Minnetonka, a 
sewage enriched lake in Minnesota, Verddin (1956) reported a production rate 
of 2,000 mgC/m2/day in western Lake Erie, These rates represent the highest 
known values to date. Other studies by Goldman and Wetzel (1963), Nordlie 
(1966), Olive et al. (1968), Dickman (1969), Duthie and Kirton (1970), 
Anderson (1964), Rodhe (1958b, 1969), Goldman (1969a, 196la, 1968), Taylor 
(1971), Simmons and Neff (1969), McLaren (1969), Narver (1969), and Schindler 
and Holmgren (1971) have reported production rates generally lower than those 
for Doe Valley Lake, 
Phytoplankton 
Species and Abundance 
A total of 88 species of algae were identified in this study including 
36 Chlorophyta, 33 Chrysophyta, 11 Cyanophta, 5 Euglenophyta, and 3 Pyrrophyta. 
Of the 33 species of Chrysophyta, 28 were diatoms which dominated the flora. 
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Chlorophyta comprised 41.0 percent of the total nuni>er of species com-
pared to 37.5 percent for Chrysophyta but were seldom abundant. Desmids 
were rarely collected, and only 6 species were recorded throughout the 
study period. 
The dominant phytoplankters from 13 June 1969 to 31 July 1972 were 
Dinobryon cylindrieum, (Chrysophyta), Synedra ulna and Cyclotella spp. 
(diatoms), and Westella botryoides (green alga). Other species that 
occurred in substantial numbers at various times were Pediastrum duplex, 
Scenedesmus quadricauda, Pandorina morum, Chlamydomonas sp,, Asterionella 
formosa, Fragilaria crotonensis, Mallomonas caudata, Glenodinium armatum, 
Trachelomonas volvocina, Microcystis aerugin:;sa, Oscillatoria spp., and 
Merismopedia glauca. 
Seasonal Periodicity and Nutrient Relationships 
Seasonal periodicity in phytoplankters was evident and annual vari-
ations were related to physicochemical conditions of the environment. Nu-
trient levels were highest following winter circulation. However, winter 
pulses of Cyclotella sp. occurred in January 1971 and on 11 February 
1972 and the latter corresponded to a peak productive period detected 
via carbon assimilation and high standing crop of Chlorophyll a (Figs. 22, 
27, 28). As light intensities and water temperatures increased in early 
spring, Chlamydomonas sp., Pandorina morum, Eudorina elegnas, and 
Trachelomonas spp. increased in abundance. Immediately following the 
appearance of a predominantly green flora, either a diatom pulse of 
Synedra ulna, Asterionella formosa, and Fragilaria crotonensis, or a 
st~ong pulse of Dinob:ryon cylindricum of approximately 800,000 cells 
per liter occurred after high standing crops of Synedra ulna and 
Cyclotella sp. had depleted phosphate and silica concentrations. 
7l> 
During late winter and spring of 1971, average monthly rainfall was below 
normal and the usually high turbidities and nutrient enhancement caused 
by local runoff during flooding did not occur. In contrast for the same 
period in 1972, flooding conditions were prevalent and soluble phosphates 
and silica concentrations remained at high levels, and Dinohl'!Jon cylindricum 
did not appear in substantial numbers until early July when total soluble 
phosphates were 0.07 mg/1 and nitrate nitrogen was 0.65 mg/1. A similar 
trend has been reported by Lund (1965) and Gruendling et al, (1969), Us-
ually, Dinohl'!JOn cylindricum exhibited two maxima, one in late spring and 
a second pulse of higher magnitude in early or late fall. Lund (1965) 
stated that lakes with low phosphorus content are usually characterized 
by large chrysophyte populations. At Newfound Lake, New Hampshire, Dinobryon 
cylindricum, D, bavaricum, and D. vanhoeffenii began development in early 
summer when phosphate concentrations were low (Gruendling et al, 1969), 
Hutchinson (1967) considered Dinohl'!Jon cylindricum as an oligotrophic 
species, but this study does not agree with his findings and seems to indi-
cate that this species may occur in high populations in eutrophic lakes 
when phosphate concentrations have been depleted to low levels. Syndera 
ulna dominated the diatom pulse in the spring of 1972 and a standing crop 
estimate based on the sedimentation technique of over 500,000 cells per liter 
was found, The #25 plankton net (60 µ mesh size) was only 10-15 percent 
efficient in retaining the smaller species including Synedra ulna, Navicula 
sp., Cocconeis placentula, Cyclotella meneghiniana, and Chlamydomonas sp., 
and about 60-70 percent for the larger species of algae (Table 9). Cyclotella 
meneghiniana, a warmwater diatom, appeared in the plankton in substantial 
numbers in late spring and early summer. Westella botryoides, Scenedesmus 
Table 9. Estimated phytoplankton standing crops from sedimentation 
technique and net samples in cells per liter in Doe Valley Lake, 
Meade County, Kentucky, 23 May 1972. 
Depth (m) Sedimentation Net Samples 
0 753,900 80,400 
1 672,400 69,219 
2 919,800 87,308 
3 1,314,600 92,740 
quadriaauda, Saenedesmus abundans, Dinob:ryon ayUnrlriaum, TraaheZomonas 
voZvoaina, OsaiZZatoria sp., and CyaZoteZZa meneghiniana were common 
during early summer. CyaZoteZZa meneghiniana was the dominant phyto-
plankter during June and vertical distribution studies indicated a 
relatively uniform distribution in the upper 10 m of the lake. Popula-
tions of CyaZoteZZa meneghiniana usually exceeded 50,000 cells per liter 
throughout early summer. WesteZZa bot:ryoides often exceeded 100,000 
cells per liter during this period. In July, Ceratium hirundine Ua 
and Dinob:ryon ayZinrlriaum dominated the sparse flora, and phytoplankton 
standing crops seldom exceeded 30,000 cells per liter. Dinobryon 
ayZinrlriaum comprised approximately 90 percent of the total standing 
crop. In addition to Cerutium hirundineUa, two other dinoflagellates 
Peridinium ainatum and Glenodinium annatum occurred during the summer. 
A bloom of GZenodinium armatum exceeding 30,000 cells per liter occurred 
in August 1969 but substantially lower numbers were found in 1970-1972. 
Blue-green algae OsaiZZatoria spp., Triahodesmium Zaaustre, SpiruZina 
prinaeps, Merismopedia gZauaa, CoeZosphaerium naegeUanum, and Miaroaystis 
aeruginosa were found during late summer but were seldom abundant. 
Dinobryon ayZindriaum continued to dominate cell standing crops throughout 
the fall and early winter. During winter, cell counts and species diversity 
were low. A pulse of CyaZoteZZa sp. occurred in February 1971 and again 
in 1972, and net samples contained over 200,000 cells per liter. Actual 
standing crops probably exceeded 2,000,000 cells per liter because the 
#25 plankton net was only about 10 percent efficient in retaining 
CyaZoteZZa sp. Chlorophyll levels and productivity rates were also high 
during the same period. 
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Phytoplankton Quotients as Indicators of Trophic Levels 
The phytoplankton quotients proposed by Nygaard (1949) have received 
considerable attention, Their usefulness and applicability have been 
questioned. These quotients are considered here to emphasize some of 
the problems and associated predictions of trophic condition since a wide 
variety of data has been gathered during this study to elucidate trophic 
levels. The quotients give equal consideration to the rare and abundant 
species, and most are based on the number of desmid species present, The 
phytoplankton quotients of Nygaard employed and associated trophic assign-
ments are: 
Index Oligotrophic Eutrophic 
1) Chlorophycean = Chlorococcales Desmideae 0.0-0.7 0,2- 9.0 
2) Myxophycean = Myxophyceae 0.0-0,4 0.1- 3.0 Desmideae 
3) D' Centric diatoms iatom = Pennate diatoms 0.0-0,3 0.1- 1.75 
4) Euglenophyte = Euglenophyta 0.0-0.2 0.0- 1.0 
Myxophyceae + Chlorophyceae 
Myxophyceae + Chlorococcales + 
5) Compound= Centric diatoms+ Euglenophyceae 0.0-1.0 1. 2-25 .o Desmideae 
In Doe Valley Lake, calcium levels are unusually high (40.8-94,4 mg/1 
in surface waters) and confirm related studies (Pearsall 1932, Smith 
1950) that have reported the paucity of desmids under such conditions. 
Because of the low number of desmid species, Doe Valley Lake is eutrophic 
by all of Nygaard's indices, or at least the range of indices between 
oligotrophy and eutrophy overlap. The quotients for Doe Valley Lake and 
the respective trophic levels were: 
~? 
1) Chlorophycean index: 2.33 eutrophic 
2) Myxophycean index: 1.83 eutrophic 
3) Diatom index: 0.21 eutrophic 
4) Euglenophyte index: 0.10 oligotrophic or eutrophic 
5) Compound index: 5.83 eutrophic 
Trophic Conditions 
Phytoplankton quotients agree with oxygen distribution curves and 
primary productivity estimates in classifying Doe Valley Lake as eutrophic. 
Based on compilation of data from numerous investigators and hiv own work, 
Rodhe (1958b, 1969) has outlined annual carbon-14 assimilation rates of 
lakes of various trophic levels, and has proposed the following categories: 
Oligotrophic 
lakes 
7-25 gC/m2/yr 
Eutrop_hic lakes 
natural polluted 
7 5-250 gC /m2 /yr 350-700 gC/m2/yr 
Average yearly productivity in Doe Valley Lake at Stations I and III were 
277 and 255 gC/m2/yr, respectively, and place this lake at the maximum 
level of the natural eutrophic category. Rodhe's suggested categories are 
especially applicable when assimilation rates are monitored frequently 
throughout the year. Nygaard (1949) also categorized lakes into less 
productive and more productive categories with the former being more 
transparent, pH usually less than 7.0, and calcium less than 10 mg/1 and 
the latter \l;eing less transparent, high pH and calcium levels exceeding 
10 mg/1. Transparency in Doe Valley Lake ranged from 0.3 to 4.1 m and 
was greatly influenced by seasonal variations in light intensity, pro-
ductivity, and turbidity. The calcium-rich and characteristic alkaline 
water places Doe Valley Lake in the eutrophic category based on Nygaard's 
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more generalized scheme. 
The Contribution of Doe Run to the 
Energy Regimen of Doe Valley Lake 
Doe Run, a pristine, spring-fed stream has remained almost unchanged 
since 1962, Physicochemical data that were collected during this study 
agree closely with the same parameters that were reported by Minckley (1963), 
Avvrage annual discharge has varied from 32,3 cfs to 59,6 cfs and averaged 
46,5 cfs from 1962 to 1972. The stream is rich in calcium, magnesium, car-
bonates, nitrogen, phosphorus, and sulfates (Table 11), and its contri-
bution of nutrients and salts enhances the productivity of Doe Valley Lake, 
Sufficient quantities of carbon, nitrogen, and phosphorus are available to 
sustain high photosynthetic rates as other factors permit. A N:P ratio 
ranged from 9:1 to 73:1 but was usually near 15:1 in the stream and lake, 
underscoring relatively unpolluted conditions, 
Annual inputs of nitrogen per year varied from 62.6 to 115.5 tons per 
year which consisted of 50-55 percent nitrate nitrogen. Annual additions of 
phosphorus ranged from 4.4 to 8,0 tons and averaged 6.3 tons. The most abun-
dant nutrient added to the lake was sulfate with an annual average rate of 
62.3 tons. Due to the inflow characteristics mentioned on p. 28, most of 
this sulfate is diverted to the hypolimnion of the lake. During stratifica-
tion and stagnation, the sulfate is reduced to sulfide and becomes available 
at the upper end of the lake during the summer as low flow conditions prevail. 
The fate of allochthonous leaf materials in Doe Run and their contri-
bution to the energy regimen of Doe Valley Lake were examined. Liston (1972) 
estimated an annual leaf accumulation of 353.9 g/m2/yr with a total of 
17,695 kg (39,010 lbs) in the upper 5 km of the stream. Sycamore and 
Rt, 
red oak comprised 23.6 and 21.7 percent of the total, respectively. Sub-
sequent degradation of leaves yielded significant amounts of carbohydrates, 
proteins, and lipids to the energy regime of Doe Run and eventually Doe 
Valley Lake. 
Total Kjeldahl nitrogen content of leaves of the most common species 
along the entire length of Doe Run was determined (Olmes 1974). Four 
species of leaves were used in laboratory leaching experiments and various 
fungicides were employed to retard fungal and bacterial growth. No signi-
ficant increase in total Kjeldahl nitrogen occurred in laboratory leaching 
experiments using Doe Run water with fungicides. Seven species of leaves 
were immersed in Doe Run in October 1972 and levels of total Kjeldahl 
nitrogen were determined at two-week intervals throughout the spring of 
1973. Following an initial increase, total Kjeldahl nitrogen content de-
creased significantly throughout the leaching experiments under natural 
stream conditions. Thus, the role of bacteria and fungi in a detritus-
based ecosystem is further documented (see Kaushik and Hynes 1971). Analy-
ses of the various forms of nitrogen in the stream were conducted to ascer-
tain the nitrogen budget and ultimate fate of nitrogen input from riparian 
leaf materials. High levels of total Kjeldahl nitrogen were found in the 
fall, winter, and spring with annual fluctuations due mainly to leaf fall 
and decomposition, other allochthonous detritus, and discharge. Organic 
nitrogen content exceeded 60 percent of the total Kjeldahl nitrogen in 
the stream during the fall when leaf decomposition was occurring (Table 12). 
Nutrient enhancement was evident throughout the study period, for primary 
productivity was 8.0 percent higher at Station I (upper end of the lake). 
The predictive model of the impoundment ecosystem is incomplete at this 
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time. We have the U.S. Arrrzy Corps of Engineers WRE Reservoir Temperature 
Simulation Model 723-KS-G067B, and we are now processing these data in-
cluded in this report. We intend to elaborate this model and utilize the 
Corps Ecosystem Model as the basis for our initial model formulations. 
The inflow patterns exhibited by Doe Run entering Doe Valley Lake (see 
p. 28) greatly influence the fate and availability of nutrients from the 
lotic ecosystem. At a time when nutrients could be most efficiently used 
in the trophogenic zone of the lake, an underflow pattern is predominant, 
and they are diverted into the hypolimnion. Incoming nutrients that would 
otherwise be utilized by planktonic organisms are lost to the system al-
though bacteria and profundal bottom organisms benefit from the underflow 
pattern. An overflow pattern adds the nutrients to the trophogenic zone of 
the lake but this may be disadvantageous during severe flooding which results 
in dilution of the lake nutrients and removal of planktonic populations via 
the overflow. Thus, the available nutrients derived from the detrital sys-
tem of Doe Run are only rendered available by lake sediment reactions that 
release them to the water during fall overturn and winter circulation. 
86 
I .,r,, 
Table 10. Phytoplankton species list in Doe Valley Lake, Meade County, 
Kentucky. 
DIVISION CHLOROPHYTA 
CLASS CHLOROPHYCEAE 
ORDER VOLVOCALES 
Chlamydomonas sp. 
Pandorina morum Bory 
Eudorina elegans Ehrenberg 
Volvox aureus Ehrenberg 
ORDER TETRASPORALES 
Sphaeroaystis sahroeteri Chodat 
Gloeoaystis cmrpla Klitzing 
ORDER ULOTRICHALES 
Hormidium sp. 
Ulothrix 2onata (Weber and Mohr) Klitzing 
Miarospora sp. 
Stigeoalonium tenue (Ag.) Klitzing 
ORDER OEDOGONIALES 
Oedogonium sp. 
ORDER CLADOPHORALES 
Cladophora sp. 
ORDER CHLOROCOCCALES 
Chloroaoaaum humiaola (Nageli) Rabenhorst 
Miaraatinium pusillum Fresenius 
Charaaium sp. 
PediastY'W'!I duplex var. retiaulatum Lagerheim 
Pediastrum boryanum Meneghini 
CoelastY'W'!I miaropOPUm N~geli 
Ooaystis laaustris Chodat 
ChloreUa sp. 
Westella botryoides (W. West) Wildermann 
Ankistrodesmus falaatus (Corda) Ralfs 
Selenastrum graaile Reinsch 
Saenedesmus abundans (Kirch) Chodat 
Saenedesmus quadriaauda var. maxima w. and G. s. West 
Saenedesmus acwninatus (Lagerh) Chodat 
ORDER ZYGNEMATALES 
Zygnema sp. 
Spirogyra sp. Ill 
Spirogyra sp. 112 
Mougeotia sp. 
Hyalotheaa sp. 
Closterium sp. 
Staurastrum sp. 
Miarasterias sp. 
Pleurotaenium sp. 
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Cosmariwn reniforme (Ralfs) Archer 
DIVISION CHRYSOPHYTA 
CLASS XANTHOPHYCEAE 
Botryocoacus braunii Klitzing 
CLASS CHRYSOPHYCEAE 
Mallomonas aaudata Conrad 
Synura uvella Ehrenberg 
Dinobryon cylind:r>icwn Imhof 
Dinobryon sociale Ehrenberg 
CLASS BACILLARIOPHYCEAE 
ORDER CENTRALES 
Melosira varians c. A. Agardh 
Melosira granulata (Ehr.~ Ralfs 
Cyalotella meneghiniana KUtzing 
CycloteUa sp. · 
Stephanodiscus sp. 
ORDER PENNALES 
TabeUaria fenestra (Lyngb.) Ktttzing 
Meridian circulare (Greville) Agardh 
Diatoma vulgare Bory 
Fragilaria crotonensis Kitten 
Asterionella formosa Hassall 
Synedra ulna (Nitzsch) Ehrenberg 
Achnanthes sp. 
Cocconeis placentula Ehrenberg 
Navicula graailis Ehrenberg 
Navicula rhyncocephala.Kutzing 
Navicula radiosa Klitzing 
Pinnularia sp. 
Stauroneis sp. 
Gyrosigma scalproides (Rabh.) Cleve 
Gomphonema acuminatum Ehrenberg 
Cymbella lanceolata (Ehrenberg) van Huerck 
Cymbella tumida(Breb.) van Huerck 
Cymbella turgida (Greg.) Cleve 
Nit2schia palea (Kutzing) w. Smith 
Nitzschia linearis (Ag.) w. Smith 
SurireUa ovata Klitzing 
Amphora sp. · 
Frustulia rhomboides var. amphipleuroides Grun. 
Neidiwn sp. 
DIVISION PYRROPHYTA 
CLASS DINOPHYCEAE 
ORDER PERIDINIALES 
Ceratiwn hirundinella (0. F. Muell.) Dujardin 
Perid.iniwn cinctwn (Muell.) Ehrenberg 
Glenodiniwn armatwn Levander 
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DIVISION EUGLENOPHYTA 
CLASS EUGLENOPHYCEAE 
ORDER EUGLENALES 
Eugiena sp. 
Phacus sp. 
Tracheiomonas hispida (Perty) Stein 
Tracheiomonas armata var. steinii Lemmermann 
Tracheiomonas voivocina Ehrenberg 
DIVISION CYANOPHYTA 
CLASS MYXOPHYCEAE 
ORDER CHROCOCCALES 
Coelosphaeriwn naegelianum Unger 
Merismopedia glcruca (Ehrenberg) Nageli 
Chroococc:us tu:rgidus (Kiitzing) Nageli 
Microcystis aeruginosa Kiitzing 
ORDER OSCILLATORIALES 
Spiruiina princeps West and West 
Osciliatoria limnosa (Roth) Agardh 
Oscillatoria aghardii Gomont 
Trichodesmiwn iac:ustre Klebahn 
Pho:r,midiwn crutwnnaie (Agardh) Gomont 
Anabaena tios-aquae (Lyng.) Breb. 
Tolypothrix sp. 
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Table 11. Physicochemical data - Station IVA, Doe Run, Meade County, Kentucky, 14 May 1971 - 11 October 1972. 
Total 
Date oc 02 pH Alk. Hardness Cond. Turb. Ca Mg Na K Fe Mn S04 P04 
14 May 1971 14.7 10.4 7.2 187 188 520 60.5 75.2 0.00 0.00 23.5 0.18 
31 May 1971 15.0 9.5 7.8 248 259 630 13.0 103.9 0.12 0.05 86.0 0.28 
10 Jun 1971 15.8 10.3 7.7 226 580 16.0 0.02 88.0 0.25 
30 Jun 1971 17.8 11.8 7.4 238 238 660 25.0 95.2 9.3 3.8 4.1 0.00 o.oo 106.0 0.25 
17 Jul 1971 18.1 11.4 7.4 166 168 375 111.0 66.9 0.09 0.00 40.0 0.32 
27 Jul. 1971 18.0 10.8 7.2 226 276 11.0 110.6 100.0 o. 26 
28 Aug 1971 15.5 11.9 7.4 242 289 710 3.0 115.4 0.06 0.05 109.0 0.68 
18 Oo!l 1971 18.3 12.7 7.5 0.02 0.00 103.0 0.71 
29 Oct 1971 18.1 11. 2 7.7 220 680 0.02 o.os 109.0 0.26 
15 Nov 1971 15.1 11.6 7.7 206 276 770 16.5 110.6 0.03 0.13 100.0 0.17 
30 Nov 1971 17.8 11.8 7.6 154 156 640 9.5 70.4 0.00 o.oo 106.0 0.42 
21 Dec 1971 11.1 12.2 Iii. Cl 214 226 580 25.0 90.6 2.5 o.oo 0.00 35.0 0.66 
8 Jan 1972 1!1!,0 13.6 7.6 226 226 520 19.5 82.6 0.00 0.00 24.0 
27 Jan 1972 19.G 12.1 i.~ 232 236 714 5.0 94. 4 so.a 0.30 
11 Feb 1972 11.2 11.0 7. 8 216 510 14.5 2.6 1.0 0.00 0.02 49.0 0.48 
29 Feb 1972 12.9 10.4 7.6 184 390 78.0 1. 3 0.00 0.00 24.5 0.23 
20 Mar 1972 14.4 10.4 7.6 168 225 470 87.6 9.6 0.00 o.oo 29.0 0.84 
15 May 1972 14.3 10. 7 7.2 186 37.0 0.02 0.00 13.0 0.59 
23 May 1972 16.0 10.6 7.5 192 232 310 21.5 93.2 5.2 2.2 1.4 25.5 o. 26 
5 Jun 1972 17.1 12.6 7.8 190 282 340 6.0 92.4 12.5 2.2 2.8 0.13 o.os 86.0 0.25 
21 Jun 1972 16.2 10.3 8.1 208 310 360 5.5 119.4 3.0 
17 Jul 1972 19.8 10.2 7.9 338 7. 0 135.2 112.0 
31 Jul 1972 20.1 10.3 7.8 210 510 12.5 2.7 2.6 0.00 0.03 55.0 0.81 
22 Sep 1972 17.8 12.2 7.9 210 500 0.55 
11 Oct 1972 18.0 11.0 8.1 a.so 
Table 12, Forms of nitrogen present in mg/1 at Station IVA, Doe Run, 
Meade County, Kentucky, 15 November 1971 - 10 November 1972, 
Date Total N TKN NH4-N Organic N NOrN N02-N 
15 Nov 1971 2.01 0.78 0.30 0.48 1.22 0.006 
21 Dec 1971 2.20 0.42 0.21 0.21 1. 78 0.003 
8 Jan 1972 1.68 0.87 0.21 0.67 0.80 0.010 
28 Jan 1972 2.40 0.67 o.oo 0.67 1. 72 0.006 
11 Feb 1972 1. 49 0.19 0.13 0.06 1. 29 0.008 
29 Feb 1972 3.03 0.84 0.35 0.49 2.19 0.003 
20 Mar 1972 2.56 1.40 0.56 0.84 1.15 0.013 
23 May 1972 1.35 0.60 0.48 0.12 o. 73 0.018 
21 Jun 1972 1.85 0.56 - - 1.28 0.013 
17 Jul 1972 1. 68 0.33 0.30 0.03 1. 34 0.011 
31 Jul 1972 1. 78 0.35 0.30 0.05 1.42 0.013 
23 Aug 1972 1.32 0.35 0.20 0.15 0.95 0.006 
22 Sep 1972 1.99 0.56 0.38 0.18 1.42 0.006 
29 Oct 1972 1. 92 0.56 0.35 0.21 1.36 0.003 
1 Nov 1972 2,13 0.70 0.35 0.35 1.42 0.008 
10 Nov 1972 2.10 0.63 0.30 0.33 1. 46 0.006 
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Table 13. Phyaicochemical Data - Surface Waters cf Doe Valley Lake, Mead& County, Kentucky, at Stations l and III, 20 August 1969 - 31 July 1972. 
Total Hsrdneaa Conduce Turbidity ,. 
Date ,. Alkalinity 
~aco3iu µ mhc/cm ~102 
,, 
'" ,''\ '°• N031II N02 Ill "4 m 
' 
m 
' 
m m m m m m m 
' ' ' 
m 
8/20/69 7 ., n, 1'0 5.0 56.2 0,22 0,09 0.25 1,00 0.013 
S/26/69 7 .7 
"' 
1'8 250 0,5 59.J 0.10 0.30 0.19 0.013 
9/12/69 7 ., 1., '28 uo 4.0 4.5 0.18 0,03 0.30 0.25 0.09 o.n 0.90 0. 78 0.020 0.010 
9/26/69 7 ., 7 ., D8 
"' 
5,9 5.0 68.0 72,8 0.10 0.20 0.05 0.08 0.12 0.07 0.67 0.015 0,015 
10/17/69 1'4 
"' 
1'4 6,0 9,0 0.020 0.010 
10/31/69 7 ., 7 ,4 
"' 
no 5,0 ,. 0 0.10 0,02 0.09 o.os 74.5 67 .0 0.44 0.26 0. 71 0.019 0.013 
12/20/69 7.J 158 
'" 
69,2 0.10 0,05 0.34 0.16 1.34 0,003 
1/13/70 
'" 
0.10 0.05 0.26 0.25 1.58 0.010 
4/9/70 
"' '" 
31.0 58.4 0.29 0,20 0,26 0.92 0.011 
4/30/70 7 .5 7 .s 1'0 U8 
"' 
no 11.3.0 133.0 i.o.s 46.4 0.01 0,10 0.13 0.13 10.5 17 .s 0.12 0.21 o. 71 0.84 0.019 0,020 
5/11./70 7.5 7. 5 
"' "' '" 
'28 56.0 53.0 0.06 0.02 0.13 o. u 14. 0 12.0 0.07 0.55 0.82 0. 75 0.013 0.013 
6/ 5/70 7 ., 
'" 
DO 
"' 
,., 52.0 0.03 0,05 2i..s 0.23 0. 79 0.019 
6/18/70 8.' 1., 
'" '" '" 
D8 
'" 
58.t. 55.2 0.03 0,12 0.25 0.13 36.0 29.0 0.25 0.31 I.JI. 0.82 0.026 0.020 
7/21/70 7 ., 7 ., D8 
"' "' 
B8 
"' '" 
53,6 55. 2 0.06 0.00 0.09 0.05 i.i..o 42,0 0.19 o. 25 1.10 0.92 0.018 0.015 
8/20/70 7 ., 7 .5 n4 
"' "' "' ''° "' 
8,0 4. 0 56.1 54, 5 0.02 0,00 0.00 0.00 52.0 51.0 0.26 0,31. 0. 71 o. 79 0.011 0,013 
9/19/70 7. 7 7 .5 
'" "' 
154 ,so 61. 7 60.1 0.03 0.02 0.13 0.20 58.0 59.0 0.28 0.55 o. 73 0, 75 0.020 0,018 
10/12/70 7, 7 
"' 
154 61. 7 0.00 0.09 54.0 0.32 o. 77 0,020 
11/16/70 7.J 
'" "' 
t.6.0 64.l 0,00 0.00 55.0 0.64 0, 77 0.020 
11/30/70 '88 
''° "' 
'96 m 400 9,0 9.0 76,8 74.4 0.00 0,00 0,13 0.25 69,0 64.0 o. 25 0.19 0.89 o. 79 0.020 0,024 
12/16/70 6.8 ,., m 
'" 
,04 '64 140.0 16.0 81. 7 65.8 0,03 0,03 0.09 Q.15 36,0 51.0 0,40 0.30 1.34 0,87 0,006 0.018 
l/ 12/71 6.8 ... ,oo 
"' 
,oo 
"' "' '" 
46.0 16.0 80,2 69. 7 0.08 O,OB 0.08 0.03 45,0 36.0 0,38 0.32 I.66 l. 22 0.031 0.024 
2/18/71 '48 
"' 
420 20.0 72.0 0,02 0,05 31.0 o.8i. 1.34 0.011 o. 77 
3/18/71 
"' "' 
540 15.0 74.0 0,02 0.05 35,0 o. 76 1.22 0,015 0,48 
4/29/71 
"' "' '" "' 
10.0 5, 0 75. 8 77, 5 0.08 0,10 0,09 0.06 22.0 42.0 0.25 0.28 1.58 1.50 0.011 0,010 0.45 0.35 
5/14/71 7.2 7 ., '71 
"' '" 
'71 m 520 ,., ,., 73.0 72,0 0.16 o.oo 0.05 0.05 32,0 26.5 0.34 0.42 I.16 1.11 0,003 o.oos o.i.s o. 45 
5/31/71 7. 7 7.S 
'" "' "' "' 
450 402 68.4 69,3 0.12 0,08 0.05 0.00 40,0 37.0 0.12 0.20 0.94 0.90 0.013 0.020 0.25 0,61 
6/10/71 7,7 7. 7 420 m ,.o ,.o 0.00 0.00 37.0 32.0 0.07 0.25 0.89 0.89 0.010 0,003 0.35 0.56 
6/30/71 7, 1 ,. 7 '44 
'" '" 
120 400 420 8.0 5,0 57 .6 48.0 0.02 0.08 0.00 0,00 i.2.0 43.0 0.17 o. 75 0.84 0.020 0.018 0,56 0.69 
7/17/71 7 ,9 7 ., '48 i30 
"' 
1" 340 
'" 
6.0 6.0 64.6 60,5 0,00 0.00 0.00 o.oo 35,0 37.0 0,19 0.19 0,65 0. 71 0,003 0.010 0.56 0.63 
7 /27 /71 7 ., 7 ., 128 
"' "' "' 
6.0 54.9 58,l 39.0 41.0" 0.14 o. 12 o. 71 o. 77 0.015 0.015 0.35 0.64 
8/28/71 7,8 7 .5 
"' "' 
,so 146 400 440 5,5 4.0 59. 7 58.l 0.08 0.06 0.00 0.05 50.0 48.0 0.16 0.11 0.60 0, 79 0.020 0.018 0,56 0.63 
9/15/71 7 .6 7 ., 
"' 
'56 '58 '56 63.2 62.4 45.0 40.0 0.21 0.19 0,57 0.67 0,69 0. 24 
9/28/71 7. 7 7.7 '58 164 
"' 
44' 5.0 4. 0 0.02 0.03 0.02 0.01 39.0 33.0 0.25 0.17 0.60 o. 71 0,024 0.022 
10/18/71 7 ., 7,7 
"' '" 
158 
"' 
4.5 J.5 63,5 M.8 0.00 0.02 0.01 0.01 43.0 49.0 0,19 0.19 0.65 0.65 o. 020 0,018 o. 25 0,25 
10/29/71 7. 7 7. 7 
"' '" 
476 468 0.03 0.03 0.05 a.as 48.0 37 .0 0.50 O.JO 0-68 0.63 0.022 0.022 0.37 0.30 
11/15/71 7,7 7 ,7 
'" 
160 
"' '" 
4,0 478 5.0 6,5 69.0 65, 7 0.02 0,00 0.09 0.09 i.2.0 49.0 0.12 0.12 o. 75 0. 75 0.024 0.015 0.35 0.21 
11/30/71 6. 7 6.8 
'" '" '" '" '"' '" 
5,0 7 .5 71.2 65.6 0.00 0.00 0,00 0.00 40.0 32.0 0.19 0.23 0,57 0,62 0.020 0.018 o. 25 0.48 
12/21/71 7 ,9 7. 7 
"' "' 
"6
'" 
450 500 21.5 7.5 78.6 72,2 o.oo o.oo 0.00 0.00 61,0 58.0 o. 30 o. 26 1.10 O.SB 0.006 0,011 0.35 0, 25 
1/8/72 7 .4 7 .5 200 
"' 
200 
"' 
5'5 srn 21.5 6.5 80.2 73.0 
~.00 o.oo 0.00 0,00 43.0 43.0 0.86 0.48 0.013 0,018 0.35 0.37 
1/27/72 7.4 7 .5 
"' 
18'
"" '" 
660 '60 10.0 S.5 80.0 75,2 0.00 0.00 0.00 0,00 i.s.o 48.0 0.30 o. 25 1.65 1,65 0.013 0,059 o.oo 0.00 
2/11/72 ,.o 7,5 
'" "' "' "' 
5'0 470 6.5 5.0 94.4 73.6 0.00 0,00 0.03 0.02 33,0 29.5 0.25 0.57 1.29 0.99 0.010 0,018 0.40 0.15 
2/29/72 7 ., 7.6 HS 
'" "' "' 
408 
'" 
64.0 90.0 76.4 66.4 0.00 0.00 0.00 0.00 20,0 19.0 0,34 o.·11 1.98 1.53 0,003 0.003 0,40 0.40 
3/20/72 7 ., 7 ., 
'" 
'88 
"' '" 
440 396 21.0 21.0 85.3 74.2 0.00 o.oo 0.00 o.oo 26.S 23.S O,Bl 0.59 1.15 1.60 0,011 0. 011 o. 56 o.i.s 
4/13/72 7 ., 7. 7 144 
'" 
420 356 ui..o 55.0 
i./29/72 8.0 ,.o 
'" "' "' "' 
14.0 10.0 76.8 62,4 0.00 0,00 0.00 0.00 12,5 13.5 0.62 o.i.2 0.84 0.87 0,028 0,020 0.25 o. 25 
5/15/72 7 ., 7 .4 
'" '" 
'78 
'" 
35,0 12.5 71.2 64.8 0,02 0.02 22,0 22.0 0.42 0.26 1.18 1.00 0,051 Q.041 0.55 0,43 
5/23/72 ,.o ,so '68 260 320 9,5 67 .1 0.02 0,03 0.00 o.oo n.o 0.28 1.22 1.16 0.013 0.002 0.43 
6/ 5/72 8,4 ,.o 
"' 
150 "1 m 260 265 12.0 ,., 67 .9 65.5 0.02 0.00 0.03 0.06 30,5 21.0 0.07 0.11 1.28 1.28 0.002 0,018 0.48 0.48 
6/21/72 
"' 
7 ., 
'" 
rn '15 m 
'" 
m ,.o J.5 70.1 75,9 
7/17/72 7,5 7 ., 
"' "' 
7 .0 10.2 0.00 0.01 42 .o 23.5 0.92 0.95 0,019 0,040 0.15 0.15 
7/31/72 7. 7 7.9 
'" '" "' "' ''° "' 
,. 7 11.5 53.0 55.0 0.02 0.02 0.01 0,02 40.0 37 .0 0,09 o.19 0,62 0.84 0,019 0.011 0.25 0.33 
Table 14. Phyai<:ochendcal data at a depth of 5 macer" at StationB I and III, Doe Valley LHk", Me .. de County, Kentucky, 20 Ausust 1969 - 31 July 1972 
Total Phth. HerdneBB conduct, Turbidity ,, Alkdinity Alk. 
"" C11C03 ~ mho/cm Si02 c, 
" 
,, 
so4111 /04 !11 '° '°' 
"4 Date m 
' 
m 
' 
m 
' 
m 
' 
m m m 
' 
m m 31n 
' 
m 
' 
m 
8/20/69 7 .4 '40 460 6.0 64.14 0,12 0.09 0,32 1.32 0.015 8/28/69 7.4 rn 
"' 
no ,., 54.57 0.13 0.13 0.26 0.013 9/12/69 7.3 7 .3 136 446 7 ., ,.o 0.22 0.06 0,09 0.30 0,25 0,16 1.98 1.00 0.024 0,024 9/26/69 1., 7.4 4" 
"' 
16' 
"' 
'-' ,.o 64.8 69,6 0.10 0.06 0.05 0.05 0,12 0.07 0.99 o.rns 0.002 10/17/69 
"' "' "' 
6.0 ,.o 66.4 0,015 0.013 10/31/69 7.1 
'"' 
1'4 
"' 
6.0 ,.o 0.10 0.08 0.08 0.09 84.0 67.0 0.25 0.44 o. 78 0.018 0.013 12/20/69 7 ,2 c,4 178 n.o 0.02 0,05 0.26 0.19 1.34 0.005 1/13/70 
"' 
0.03 0.09 0.34 0.26 1.56 0.008 4/9/70 C,6 
"' 
44.0 56.0 0.24 0,25 0.16 0.95 0.010 4/30/70 7 ., 7.6 
"' 
14S '46 
"' 
109.0 n.o 49.6 52.0 0.019 0.10 0,13 0.13 15.5 21.5 0,16 o. 21 0.89 0.95 0.020 0.026 S/ll</70 '.5 7.5 176 
"' 
0.0 o.o 148 134 67 .s Slo.O 0,03 0.03 0.20 0,09 20.0 12.5 0.16 0.21 0,99 0.82 0.013 0.013 6/5/70 7 .3 164 0.0 14S 270 3.C 59.0 0,03 0.09 25.0 0.25 1.11 0.018 6/18/70 7 ., 7.1 ,06 
"' 
,.o 0.0 200 160 80.2 65.6 0.03 0,16 0.19 0.30 71.0 29.0 0.25 0.55 1. 78 1.11 0.019 0.026 7/21/70 7 .3 '.3 158 144 o.o 0.0 178 
"' 
340 330 71.2 64.8 0.02 0.00 0.13 o.os 67.0 50.0 0.14 0.21 1.16 1.21 0.015 0.019 8/20/70 '.6 1., 134 
"' 
0.0 0.0 140 136 300 280 18.0 6.0 56.1 54.5 0.03 0.00 0.09 0,05 57.0 51.0 0.26 0,34 o. 76 o. 74 0.008 0.018 9/19/70 7 ., '.5 162 '46 0.0 0.0 168 
"' 
67.4 61. 7 0.03 0.02 0.13 0.09 57.0 s0.o 0.46 a.so o. 73 o. 73 0.020 0.018 10/12/70 7.6 
"' 
o.o 164 65, 7 0.00 0.09 57 .o 0.19 0.82 0,028 11/16/70 7.3 '66 0.0 m 40.0 69. 7 0.00 o.oo 55.0 0.68 0, 77 0.020 11/30/70 182 184 0.0 0.0 184 196 
"' 
405 9.0 10,0 73.6 74.4 0.00 0.00 0.13 0.25 69,0 64,0 0.34 0.23 l.50 0.23 0.020 0.024 12/16/70 6.a 6.a 18S m 0.0 o.o 202 1ao 50.0 19.0 80.9 72.1 0.02 0.03 0.13 0.21o 57 .o 49,0 0.21 0.57 l.03 0.87 0.010 0.018 1/12/71 6.a ,., ,oo 166 0.0 o.o 202 474 3'0 305 47.0 15.0 80.9 69. 7 0.08 0.00 o.os 0.03 45,0 36.0 0.26 0.34 1.58 1.22 0.031 0.026 
2/18/71 178 0.0 o.o ,00 
"' 
16.0 73.0 0.02 0.05 25,5 o. 76 1.42 0,010 0.64 
J/18/71 186 191 ,10 15.0 75.0 0.03 0.05 45.0 0.38 1,22 0.015 0.48 4/29/71 189 m 
"' 
181 11.0 5.0 76.6 80.0 0.08 0.10 0.09 0.06 22,0 41.0 0.25 0.21 1.54 1.50 0,015 0.013 0.45 0.35 5/14/71 7.2 ,., 179 m 
"' "' '" 
,40 28.S 7.5 76.0 74.0 0.20 0.00 o.os 0,05 29.0 28.0 0.30 0.32 1.22 1.16 0,003 0.005 0.40 0.45 5/31/71 7. 7 '., 203 164 203 166 
'" 
460 81.4 66. 7 0.10 0.10 0.09 o.oo 59.0 34.5 0.20 0.20 l.Jlo l.04 0.018 0.013 0.40 0. 72 6/10/71 7.6 '.6 422 
"' 
20.0 5.0 0.00 0.00 47 .o 32.0 0.30 0.16 1,03 0,99 0,013 0.006 0.59 0.48 
6/30/71 7.1 6,8 .l66 174 192 162 
"' 
470 19.0 5,0 69.6 64,8 o.oo o.os 0,00 o.oo 69.0 40.0 0.21 1.42 1.11 0.029 0.020 0. 72 0.63 
7/17/71 7. 7 7.4 '46 176 0.0 0.0 176 
"' 
340 400 53.0 6.0 74.6 72.4 0,00 o.oo 0,00 0.00 34.0 65.0 0,17 0.19 0.45 0.99 0.005 0.011 0.69 o. 72 7/27/71 1., 7,4 1'2 1'4 0.0 0.0 16, 
"' 
,.o 66.1 63. 7 50.0 39.0 0.19 0.14 0.82 o. 75 0.015 0.015 0.45 o.64 8/28/71 1., '.3 159 161 12.8 0.0 148 172 400 445 ,.o ,., 58,9 68.5 0,08 o.os 0.08 0.05 50.0 so.a O,llo 0,12 0.63 0.89 0.024 0.026 o.sa 0.66 9/15/71 7, 7 1., 160 
"' 
0.0 0.0 m 172 
,.o 4.0 64.0 68,B 49.0 44.0 0.25 0.19 0,67 0.68 0.00 O.JS 
9/28/71 7.6 7.4 160 
"' 
o.o ,.o 
"' 
460 6.0 ,., 0.09 0.07 0.03 o.oo 39.0 28.0 0.17 0.17 0.62 o. 75 0.026 0.024 10/18/71 1., 7. 7 166 460 0.0 o.o 172 168 470 6., 3.o 68.8 68.0 0.02 0.02 0,02 0.01 49.0 49,0 0,30 0,19 0.71 0.67 0.019 0.018 0.25 0.25 10/29/71 ,. 7 
'.6 
"' "' 
16.0 0.0 
"' 
472 0.05 0.02 0.25 0,05 57 .o 40,0 0,19 0,19 0.68 0.67 0.019 0,019 0.37 0.37 11/ 15/71 ,., 162 '62 o.o 0.0 188 164 500 4ao 6., ,.o 75.4 65,7 0,05 o.oo 0.09 0.09 48.0 48.0 0,12 0,12 0, 73 0.68 0.024 0.015 0,35 0.43 11/30/71 6.a 6. 7 166 180 o.o 0.0 188 
"' 
660 710 6.5 5.0 75.2 69.2 0.02 0.03 0.00 o.oo 41.0 34.5 0.17 0.26 0.62 0.54 0,015 0.006 o.so 0.JO 12/21/71 1., 7. 7 
"' "' 
16.0 12.0 188 180 '38 520 21.5 ,., 75.4 72.2 0.00 0.00 0,00 0.00 34.0 34.0 0.25 0,26 o. 70 o.so 0.008 0.010 0.15 0.25 1/8/72 ',4 7 ., 
"' 
168 o.o o.o 206 1'4 525 500 17.0 1., 82.6 73.8 o.oo 0.02 0.00 o.oo 33,0 38.0 0.80 0.46 0,015 0.019 0.43 0.37 1/27 /72 '-' 7 .4 206 1"2 0.0 o.o 
"' 
600 ,., 6., o.oo 0,00 0.00 o.oo 48.o 50,0 0.30 0.19 1.65 1.40 0,018 0,020 0.00 0.15 2/11/72 8.0 7 ., 204 180 8.o 16.0 ,00 460 ,., ,.o o.oo 0,00 0.02 0.02 43.0 28,0 0.19 0.66 1.11 0.96 0.020 0.015 2/29/72 7 ., 7.6 
"' 
1'4 0.0 o.o 
"' 
140 460 4'0 36.0 75.0 78.0 56.0 o.oo 0.00 0.00 o.oo 29.0 22.0 0,17 0.17 1.53 1.39 0.005 0.003 0,37 0.37 3/20/72 7 .4 7.6 178 168 10,0 12,0 
"' 
207 420 4'0 11.0 13 0 87 .6 82.9 0,00 0.00 0.00 0.00 29.5 29,0 0.62 0.42 1.53 1.45 0.010 0.011 0.50 0.43 4/13/72 7 ., 7 ., 
"' 
166 12.0 ,.o 55.0 25.0 
4/29/72 7. 7 1., 168 146 0.0 o.o 30,0 15.0 o.oo 0,00 o.oo 0.00 19,0 16.5 O.Bl 0.36 1.16 1.03 0,024 0.029 0.50 0.25 5/15/72 7 .1 1., 164 164 o.o 4.0 47.0 10.0 0.03 0.02 o.oo 0.00 21.5 17 .5 0.2B 0.14 0.43 1.03 0.020 0.018 0.53 0.43 5/23/72 7.4 178 o.o 189 210 24.0 75.8 JO.S 0.30 0. 75 0.018 0.48 6/ 5/72 7. 7 ,.1 180 160 o.o ,.o 264 199 340 260 16.0 11.0 90.0 67,9 0.18 0.02 0.03 0.06 23.0 59;0 0.19 0.21 1.22 1.42 0,018 0.020 0.66 0.48 6/21/72 ,.o 8,0 
"' 
160 ,.o 0.0 
"' 
213 15.0 2.0 101.9 76.8 
7/17/72 7 ., 7 .4 142 156 o.o 0.0 '46 212 12.5 6.5 98.4 84.S 71.0 43.0 1.03 1.16 0.026 0.022 0.21 0.25 7/31/72 7 .6 7.4 HO 166 o.o 0.0 420 405 28.0 14.5 0.02 0.02 0.01 0,04 51.0 40.0 0.32 0.30 1.11 1.03 0.028 0,026 0.53 o.i.o 
Table 15, Physicochemical data at a depth of 10 meters at Station III, Doe Valley Lake, Meade County, Kentucky, 
20 August 1969 - 31 July 1972 
Total Hardness Conduct. TUTbidity 
Date pH Alkalinity as Caco3 umho/cm as Si02 Ca Fe Mn S04 P04 N03 N02 NH4 
8/20/69 7.4 182 178 6.0 71.4 0.16 0.13 0.48 2.32 0.040 
9/12/69 7.0 164 6.0 0.10 0.40 0.19 0.99 0.010 
9/26/69 7. 2 148 170 5.0 68.0 0.10 0.20 0.12 0.99 0.008 
10/17 /69 168 182 5.0 72.9 0.019 
10/31/69 7 .1 154 4.0 69.0 0.08 0.20 0.44 0.49 0.018 
11/21/69 166 194 5.0 77.7 0.10 0.25 1.62 0.026 
12/20/69 7.2 176 188 77.6 0.03 0.05 0.84 1.42 0.006 
1/13/70 170 0.10 0.09 0.25 1.58 0.008 
4/9/70 182 152 21.5 60.8 0.12 0.09 0.14 0.92 0.008 
4/30/70 7.7 164 148 45.0 60.4 0.06 0.25 0.14 1.07 0.008 
5/14/70 7.5 168 144 67.0 0.03 0.05 19.5 0.14 1.03 0.013 
6/5/70 7. 2 162 154 290 3.2 61.6 0.03 0.13 23.0 0.59 1.22 0.049 
6/18/70 7.2 162 158 61.2 0.16 0.30 24.5 0.66 1.25 0.039 
7/21/70 7.3 166 170 320 70.0 0.00 0.20 24,5 0.23 1.26 0.026 
8/20/70 7.4 158 154 330 8.0 61.7 0.03 0.25 35.0 0.36 0.82 0.059 
9/19/70 7.5 176 160 64.1 0.02 0.20 43.0 0.42 0.84 0.061 
10/12/70 7 .5 156 178 71.4 0.00 0.09 54.0 0.44 0.77 0.020 
"' 
11/16/70 7. 3 170 178 48.0 71.3 0.00 0.00 54.0 0,76 0.71 0.019 ..,, 
11/30/70 180 188 400 10.0 75.2 0.00 0.35 62.0 0.28 0.79 0.024 
12/16/70 6.5 180 180 18,0 72.1 0.03 0.09 65.0 0.64 0.87 0.018 
1/12/71 6.8 174 170 305 21.0 68.1 0.00 0.00 35.0 0.26 1.22 0.029 
2/18/71 180 204 420 13.0 75.0 0.03 0.05 27.0 0.76 1.42 0.010 0.72 
3/18/71 182 189 500 14.0 75,0 0.03 0.05 40.0 0.38 1.42 0.015 0.48 
4/29/71 183 187 6.0 81.7 0.10 0.06 42.0 0.21 l.SD 0.005 0.35 
5/14/71 7.1 181 192 538 8.5 77.0 0.02 0.05 23.5 0.28 1,42 0.005 0.64 
5/ 31/71 7.5 183 182 480 72.7 0.08 o.oo 26.5 0.20 1.34 0.019 0.45 
6/10/71 7 .3 442 5.0 0.00 0.00 30.5 0.12 1.34 0.024 0.61 
6/30/71 6.9 200 200 500 4.0 72.0 0.00 0.00 35.0 0.88 1.50 0.020 0.62 
7/17/71 7.2 196 186 420 4.0 74.0 0.00 0.00 29.0 0.19 1.11 0.010 0.45 
7/27/71 7.1 186 183 4.0 73.2 35.0 0.30 1.07 0.026 a.so 
8/28/71 6.9 179 188 482 74.8 0.06 0.05 44.0 0.23 1.03 0.028 o.se 
9/15/71 7.5 192 196 76.8 38.0 0.25 0.84 0.45 
9/28/71 6.8 180 486 4."0 0.00 0.02 28.0 0.17 o. 77 0.028 
10/18/71 7.2 174 174 3.0 70.5 0.02 0.04 44.0 0,16 0.68 0.043 0.25 
10/29/71 7.4 156 478 0.03 0.25 51.0 0.28 0.68 0.011 0.48 
11/15/71 7.5 160 177 490 3.5 71.4 0.02 0.09 49.0 0.16 0.67 0.020 0.35 
11/30/71 6.8 174 168 640 510 69.2 0.00 0.00 33.0 0.32 0,47 0.022 0.40 
12/21/71 7.7 154 186 490 9.5 74.6 0.00 0.00 35.0 0.28 0.55 o.oos Q.25 
1/8/72 7.5 172 190 490 7.5 72.0 0.08 o.oo 33.0 0.46 0.019 0.45 
1/27/72 7 .4 182 650 5.0 0.00 0.00 45.0 0.26 1.40 0.013 0.35 
2/11/72 7.5 176 460 5.0 0.00 0.00 52.0 0.78 0.91 0.011 
2/29/72 7. 6 162 500 47,0 0.00 o.oo 35.0 0.14 1.15 0.006 0.37 
3/20/72 7.6 156 191 410 10.0 76.6 o.oo o.oo 33.0 0.36 1.45 0.010 0.40 
4/13/72 7.9 180 8.0 
4/29/72 10.0 0.00 0.00 19.0 0.59 1.03 0.031 0.40 
5/15/72 7.2 162 7.5 0.02 0.00 21.0 0.14 1.22 0.008 0.35 
6/5/72 7.6 160 197 260 3.5 63.9 0.02 0.05 20.0 0.12 1.42 0.018 0.48 
6/21/72 7.4 162 213 3.5 77.6 21.0 1.42 0.033 0.25 
7 /17 /72 7 .4 220 8.0 
7 /31/72 7. 2 164 360 9.5 0.03 37 .o 0.44 o.s2 0.018 0.35 
Table 16. Physicochemical data at a depth of 15 meters at Station Ill, Doe Valley Lake, Meade County, Kentucky, 
20 August 1969 - 31 July 1972 
Total Hardness Conduct, Turbidity 
Date pH Alkalinity as Caco3 umho/cm. as Sio2 Ca Fe Mn so. P04 N03 N0 2 NH4 
8/20/69 7.1 202 196 9.0 78.6 0.12 0.51 0.34 1,66 0.018 
9/12/69 7 .o 208 7.5 0.12 0.63 0.34 0.33 0.019 
9/26/69 7 .o 212 9.0 80.0 0.29 0.72 0.44 0.33 0.018 
10/17/69 208 218 6.0 86.2 0.026 
10/31/69 6.8 206 11.0 0.38 1,29 35.5 0.30 0,13 0.010 
11/21/69 168 206 6.0 80.2 0.24 0.30 1.34 0.015 
12/20/69 7.2 182 196 76.8 0.12 0.05 0,16 1.34 0.006 
1/13/70 180 0.12 0.07 0.25 1,58 0.011 
4/9/70 184 156 9.5 62.4 0.10 0.25 0.17 0,92 0.010 
4/30/70 7.6 184 172 41.0 70.4 0.22 0.35 52.0 0,14 1.11 0.013 
5/14/70 7.5 178 170 68.5 0.03 0.25 36.0 0.01 1.06 0.019 
6/ 5/70 7.1 186 186 330 3.2 74.4 0.03 0.13 0.40 1.34 0.006 
6/18/70 7. 2 180 178 71.2 0.18 0.46 1,23 1.07 0.011 
7 /21/70 7.1 192 176 340 72.4 0.10 0.20 37.0 0.25 0.99 0.015 
8/20/70 7.3 174 180 370 12.0 72.1 0.13 0.63 51.0 0.55 0.65 0.011 
9/19/70 7.2 184 174 69.8 0.02 0.30 24.5 0.66 0,67 0.005 
10/12/70 7.3 146 182 61. 7 0.00 0.09 24.5 0.46 0.20 0.020 
11/16/70 7.3 178 184 46,0 73.8 o.oo 0.00 0.64 0,77 0.018 
11/30/70 180 188 400 12.0 75.2 o.oo 0.25 65.0 0.25 0.92 0.032 
12/16/70 6.5 178 180 20.0 72.1 0.03 0.09 69.0 0.32 0.87 0.015 
1/12/71 6.8 180 174 25.0 69.7 o.oo 0.00 35.0 0.26 1.11 0.031 
2/18/71 180 208 430 14.0 75.0 0.03 0.05 29.5 o. 76 1.42 0.013 o. 72 
3/18/71 184 189 500 14.0 76.0 0.03 0.05 41.0 0.40 1.42 0.015 0.52 
4/29/71 189 187 6.0 82,5 0.13 0.05 47.0 0.23 1.42 0.010 o.4s 
5/14/71 7.1 187 192 538 5.0 80.0 o.oo 0.05 20.0 0.11 1,42 0.028 0.69 
5/31/71 7 .5 187 184 480 73.6 0.08 0.05 30.5 0.20 1,46 0.003 o.oo 
6/10/71 7.3 442 4.0 o.oo 27.0 0.11 1.28 Q.003 0.35 
6/30/71 6.8 184 192 495 4.0 73.6 o.oo o.oo 28.0 0.44 1,58 0.013 o. 72 
7 /17 /71 7.2 200 188 420 4.0 74.8 0.00 0.00 29.0 0.21 1.22 0.011 0.72 
7/27/71 7.0 196 193 4.0 77.2 22.0 0.17 1.22 0.008 0.45 
8/28/71 7 .o 192 194 480 77.2 0.08 0.05 29,5 0.17 1,07 0.024 0.56 
9/15/71 198 212 84.8 0.85 
9/28/71 6.9 204 484 0.07 0.18 19.5 0.30 0.51 0.020 
10/18/71 7.0 190 196 3.0 77.4 0.02 o.67 26.5 0.26 0,47 0.006 0.92 
10/29/71 7.1 210 498 o.oo 0.80 21.0 0.28 0.12 0.013 1.66 
11/15/71 1. 2 180 166 508 9.5 66.5 0,00 0.25 38.0 Q.14 0.51 0.020 0.72 
11/30/71 6.7 176 180 650 23,0 72.5 0.04 0.00 43.0 0.16 0.51 Q.022 0.35 
12/21/71 7.6 158 184 510 9.5 73.8 o.oo o.oo 36.0 0.28 0.52 0.008 Q.25 
1/8/72 7.4 178 190 510 8.5 72.0 o.oo o.oo 51.0 0.46 0.018 o. 72 
1/27 /72 1. 4 180 630 5.0 o.oo o.oo 48.0 0.23 1,37 0.018 o.oo 
2/11/72 7.4 178 470 5.0 o.oo 0.02 49.0 a.so 1.03 0.015 
2/29/72 1.' 174 528 17.0 0.00 0.00 41.0 0.14 1,19 0.008 0.35 
3/20/72 7.6 178 219 418 8.5 87,6 0.00 0.00 35.0 0.40 1,53 0.010 Q.56 
4/13/72 7. 7 174 7 .o 
4/29/72 10.0 o.oo o.oo 18.0 0.40 1.07 0.040 0.43 
5/15/72 7.1 186 3.0 0.02 o.oo 28.0 0.28 1.32 0.006 0.58 
6/5/72 1.' 178 223 295 8.5 71.8 o.oo 0.05 34.0 0.09 1,42 0.010 0.48 
6/21/72 7.5 160 231 3.0 81.0 
7/17/72 7.2 198 10.0 27,0 1.58 0.010 0.25 
7 I 31/72 7.2 188 418 9.5 a.so 29.5 0.56 0.82 0.010 0.61 
Table 17. Physicochemical data at a depth of 20 meters at Station III, Doe Valley Lake, Meade County, Kentucky, 
20 August 1969 - 31 July 1972 
Total Hardness Conduct. Turbidity 
Date pH Alkalinity as Caco3 \I mho/cm as Si02 Ca Mg Fe Mn so4 P04 N0 3 No2 NH4 
8/20/69 
8/28/69 
9/12/69 
9/26/69 Less Than 20 Meters Deep 
10/17 /69 
10/31/69 
12/30/69 
1/13/70 
4/9/70 192 174 8.5 69.6 0.16 0.20 0,25 0.99 0,010 
4/30/70 7. 5 172 172 26.0 80.0 0.16 0.35 52.0 0.07 1.22 0,019 
5/14/70 7. 5 202 150 62.0 0.03 0.35 18.0 0.07 0. 91 0.019 
6/5/70 7.1 188 192 340 2.5 76.8 0.03 0.20 49.0 0.30 0.99 0.008 
6/18/70 7. 2 194 158 61.2 0.13 0.51 24.5 0.66 1.25 0.039 
7 /21/70 7.0 194 188 370 75.2 o.oo 0.40 48.0 0,36 0.78 0.006 
8/20/70 7,1 196 184 360 8.0 73.8 0.03 0.20 29.5 0,30 1.02 0.022 
9/19/70 7,0 214 194 77.8 0.02 0.85 42.0 0.70 0.29 0.011 
10/12/70 7.0 210 202 81.0 o.oo 0.85 27.0 0,34 0.16 0.020 
11/16/70 7.0 212 200 108.0 80.2 o.oo 1.22 33.0 0.64 0.05 0.003 
11/30/70 186 188 410 15.0 75.2 o.oo 0.35 64.0 0.25 1.07 0.024 
"' 
12/16/70 6.5 206 20.0 82.5 0.02 0.08 65.0 o. 30 0.87 0.020 
.... 1/12/71 6.8 lSO 182 305 25.0 72.8 8,7 0.06 0.03 35.0 0.40 1.22 0.031 
2/18/71 184 208 430 14.0 76.0 0,03 0.05 29.0 0.87 1,42 0.015 0.69 
3/18/71 182 187 515 14.0 76.0 0.03 0.05 41.0 0.48 1.42 0.015 0.52 
4/29/71 189 189 7 .0 83.3 9.2 0,16 0.09 64.0 0.30 1.34 0.008 0.45 
5/14/71 7.0 189 196 550 5.9 81.0 o.oo 0.09 20.0 0.11 1.34 0.004 0.83 5/31/71 7.4 189 203 480 81.4 0.10 0.05 25.0 0.20 1.32 0.003 0.21 
6/10/71 7. 2 456 7 .0 o.oo 25.0 0.12 1.16 0.001 0.15 
6/30/71 6.9 200 200 500 4.0 76,0 9.3 o.oo 0.00 27.0 0.44 1.58 0.018 0.64 
7 /17 /71 7.2 204 190 420 4.0 75.6 9,5 o.oo o.oo 21.5 0.19 1.22 0.003 0.64 
7 /27 /71 7 .o 196 197 4.0 78.8 19,5 0.23 1.03 0.031 1.15 
8/28/71 7.0 194 198 498 78.8 0.08 0.05 20.0 0.26 0,39 0.032 1,50 
9/15/71 210 218 91.2 1.45 
9/28/71 6.8 224 510 4.0 9.3 0.20 0.38 16.5 0.34 0.17 0.026 
10/18/71 7.0 244 254 3.5 103.0 0.06 1.89 18.0 0,44 0.19 0.013 2. 76 
10/29/71 6.8 228 512 0.08 1.48 14.0 0,28 0.06 o.oo 2.29 
11/15/71 7.0 210 166 520 19.0 74-,6 0.03 1.15 21.0 0.23 0.14 0.029 3.06 
11/30/71 6. 7 176 180 650 23.0 0.04 0.00 43.0 0.16 0.51 0.022 0.35 
12/21/71 7.6 158 184 510 9.5 73.8 0.00 0.00 36.0 0.28 0.52 0.008 0.25 
1/8/72 7.4 178 192 sos 9.5 73.0 o.oo 0.00 52.0 0.48 0.018 0.43 
1/27 /72 7. 4 186 630 s.o o.oo 0.00 65.0 0.26 1,37 0.015 0.00 
2/11/72 7.4 184 470 5.0 o.oo 0.03 49.0 0.66 0.96 0.011 0.66 
2/29/72 7. 6 186 540 12.0 o.oo 0.00 40.0 0,17. 1.24 0.008 0.43 
3/20/72 7.6 192 223 450 9.0 89.2 9,3 o.oo 0.00 34.0 0.34 1.18 0.015 0.64 
4/13/72 7.7 174 13.0 
4/29/72 10.0 o.oo 0.00 16.5 0.81 1.16 0.024 a.so 
5/15/72 7 .o 192 4.0 0.03 0.00 33.0 0.19 1.05 0.006 0.48 
6/5/72 7. 7 182 244 320 6.0 79,7 11.0 o.oo 0.09 29.0 0.12 1,34 0.006 o.so 
6/21/72 7.5 184 242 3.5 81.8 9.1 
7/17/72 7.2 192 11.0 35.0 1. 72 0.005 0.25 
7/31/72 7 .o 194 430 5.7 0.97 26.5 0.66 0.37 0.006 0.88 
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